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PREFACE. 

This work was undertaken at the suggestion of many colleagues, 
with no little misgiving on the part of the author. To lighten the 
burden and to make the publication more effective, it was divided among 
collaborators Avho were specially qualified for the assigned topics. 

The endeavor has been to present the operative surgery of the 
nose, throat and ear, unaccompanie<l by any discussion of pathology, 
etiology or symptomatology. The method of operating, the indica- 
tions, the contraindications, after-treatment and results have been con- 
sidered paramount for the purposes of this work. 

The illustrations are practically all original, the majority of them 
being drawn expressly for this work. They are planned to make the 
text clear without too groat a sacrifice of detail. 

The first volume deals with the more general subjects, such as 
the surgical anatomy of the nose, throat and ear, the external surgery 
of the throat, the direct examination of the larynx, trachea, bronchi, 
esophagus and stomach, and the operations made possible through 
its agency, and the plastic surgery of the nose and ear. 

Volume II is to be devoted to the more specialized surgery of 
the nasal cavities, the pharynx and larynx, which has been developed 
during the years of laryngologic and otologic activity, since the laryn- 
goscope was devised. 

Grateful acknowledgment is here made to the many who have 
by their efforts, advice and encouragement rendered this publication 
possible, to Mr. A. Schwitalla, S. J., who was of great assistance in 
reviewing the text, to the collaborators, and to the publishers, whose 
patience has been most commendable. 

H. W. L. 
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CHAPTER I. 



THE SURGICAL ANATOMY OF THE NOSE. 

By Haxau W. TjOeb, M.D. 



External Nose. 

Tlie external nose (nasus) which projects downward and forward 
from the forehead, between the eyes, presents two lateral and one 
inferior surface, all triangular in shape, and a superior surface which 
varies considerably in size and contour. As seen in Figs. 1 and 2 the 
root of the nose (radix nasi) is that portion projecting for a short 
distance downward from the forehead, and the bridge of the nose 
(dorsum nasi) is the superior surface extending from the root to the 
tip of the nose (apex nasi). 

The supporting framework of the nose is composed of bones and 
cartilages, united by connective tissues. It is lined with mucous mem- 
brane and covered by muscles and integument. 

The nasal bones and the frontal processes (processus frontales 
maxillae) of the maxillae which constitute the bony framework of the 
external nose are attached by strong connective tissue fibers to the 
lateral cartilages (cartilagines nasi laterales) at the apertura piri- 
formis (Figs. 1, 2, 9 and 11). Each of these cartilages is triangular in 
shape with the apex downward, and is attached to the cartilage of 
the septum (cartilago septi nasi), and to its fellow on the oppo- 

•For the convenience of readers, structures are designated by their usual English names. However, 
the B.N. A. nomenclature is given in the text and exclusively in the figures in order to follow recognized 
authority in terminology. 

The figures accompanying this chapter have been made from drawings of Mr. Tom Jones, with the 
exception of Figs. 20 to 34, inclusive. Acknowledgment is gratefully made to Dr. D. M. Schoemaker for 
the dissections illustrated by Figs. 1, 2 and 3. The remaining preparations, except those illustrated by 
Figs. 9, 11 and 12, were made by the author. 
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Fig. 2. 
Tlie oartilages of the noac; anterior view. 
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site side. A variable immber of sesamoid cartilages (cartilagines 
sesamoidese) are found between tlie lateral nasal cartilage and the 
greater alar cartilage (cartilage alaris major). The lesser alar car- 
tilages (cartilagines alares minores) are small cartilaginous plates, 
variable in number, ivliieh lie between the greater alar cartilage and 
the maxilla. 

The greater alar cartilage (cartilago alaris major), very variable 
in sitape and extent, constitutes in large measure the framework of 
the lower lateral portion of the external nose, and that of the ala 
(cms laterale). The medial portion (crus mediale) (Fig. 3) winds 
around the anterior inferior portion giving to the naris its rounded 
appearance. It is loosely connected with the cartilage of the septum. 
A mass of connective tissues lies behind and below the greater alar 
cartilage forming a considerable portion of the ala (tela subcutanea). 




the earlilogines alarps niajorcs. 

Kasal Cavities. 

The anterior portion of the nasal cavities, between the ala and the 
septum, is called the vestibule (Figs. 3, 6 and 7). It is covered with 
squamous epithelium and contains numerous stiff hairs known as 
vibrissffi. 

The nasal cavities, right and left, are hollow spaces between the 
bones of the head and face, extending backward from the vestibule to 
the nasopliarynx, and from the floor of the cranial cavity above to the 
roof of the mouth below. 

Floor of the Nose. — The bony floor, narrowest at its anterior 
extremity, becoming wider posteriorly and then narrower at the 
choana?, is formed by the palatal process of the maxilla {processus 
palatinus ossis maxillnris) and the palatal process of the palate bone 
(processus horizontalis ossis palatini). The suture between these 
bones divides the floor into two unequal portions, the anterior three- 
fourths approximately being maxilla and the posterior one-fourth 



4 OPERATIVE SUBGEBY OF THE NOSE, THROAT, AND EAit. 

palate bone. {Fig. 4.) The canalis iiicisivus which opens on the 
septum just above, penetrates the floor in its anterior portion convey- 
ing the nasopalatine nerve and artery to the roof of the mouth. The 
sinus maxillaris may be seen external to the lateral wall of the nose 
extending below the level of the floor. (See also Fig. 13.) 

Septum Nasi. — The septum nasi forms the inner wall of each nasal 
cavity, approximately in the median line. It may be straight, but 
rtiore often it is bent to one side or the other or irregularly deviated 
in one or both nares. It is divided into three parts, the bony (septum 
nasi osseum), cartilaginous (rartilagineum) and membranous (meni- 



branaceum) septum (Fig. 5). The meinbvanous portion (septum mobile 
nasi) separates the vestibule from its fellow, and is made up of the 
crura medialia of the two greater alar cartilages, with their attach- 
ments to the septum nasi, covered by a mucocutaneous investment. The 
cartilaginous portion (septum cartilagineum) is formed by the car- 
tilage of the septum and the cartilage of Jacobson, The cartilage 
of the septum is more or less quadrilateral in form and is attached 
posterosuperiorly to the perpendicular plate of the ethmoid (lamina 
perpendicular) s ossis olhmoidalis), posteroinferiorly to the groove of 
the vomer, inferiorly to the anterior part of the crista na.«alis maxilla; 
and to Jacobson 's cartilage, and superiorly to the nasal bones and the 
lateral cartilages. From the ])oslerior angle a projection extends back- 
ward often for some distance, known as the processus sphenoidalis 
septi cartilaginei. Jacobson 's cartilage (cartilage vomeronasalis 
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Jacobsoiii) lies between the cai-tilage and the vomer, and the nasal 
crest of the maxilla. 

The bony portion is composed of the perpendicular plate of the 
ethmoid, the rostrum ofthe sphenoid (crista sphenoidalis), the vomer, 
the maxillary crest (crista nasalis niaxillie), and the palatine crest 
(crista nasalis ossis palatini). 

The perpendicular plate of the ethmoid extends downward and 
forward from the cribrifomi plate of tlie ethmoid (lamina cribrosa ossis 




ethmoidalis) having attachments with the nasal spine (spina nasalis) 
of the frontal, the nasal bones, the cartilages of the septum, the vomer 
and the rostrum of the sphenoid. 

The vomer constitntes practically the whole of the posterior and 
inferior part of the septum, articulating IjpIow with the nasal crest 
of the maxillary and palate bones, anteriorly and superiorly with the 
cartilage of the septum, Jacobson's cartilage and (lie perpendicular 
plate of the ethmoid, and superiorly willi the rostrum and body of the 
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sphenoid. Its superior margin divides into two wings, ala; vomeris, 

by which it is attached to the sphenoid. The i)osterior border forms 

the dividing boundary of tlie two choaiifc or posterior nares. (Fig. 8.) 

The rostrum of the sphenoid takes part in the formation of the 




Fig. 6. 
r wnll of tlie right nnsal c 



septum. In the .specimen illustrated (Fig. 5) it is triangular and con- 
siderably larger than usual. 

The maxilla furnishes but a small part of the na.sal septum, the 
crista nnsalis, which by il.s articulation with the vomer, Jaeobson's 
cartilage, and llie cartilage of the septum, comprises the inferior por- 
tion of the septum, corresjMjnding to the extent of the maxillary portion 
of the floor. In its anterior half it presents the caiuilis incisivus for the 
passage of the nasopalatine nerve and arlery. Its most anterior pro- 
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jection is the anterior nasal spine (spina nasalis anterior). (Figs. 4 
and 5.) 

Corresponding with the nasal crest of the maxillary is a similar 
projection upward from the horizontal plate of the palate bone. It 
lies behind the nasal crest of the maxillary and articulates with it at 
the sutura palatina transversa. Posteriorly it presents the posterior 
spine (spina nasalis posterior). 

Roof of the Nose. — The roof of the nose is constituted from before 
backward by the following bones: the nasal, the frontal, the ethmoid 
and sphenoid. The lamina cribrosa of the ethmoid (Figs. 5, 12, 45, 46, 
48, 50, 53, 54 and 55) which conveys the filaments of the olfactory nerve 
(Figs. 44 and 47) from the cranial cavity into the nasal cavity is almost 
horizontal. It is composed of very hard bone which is easily recog- 
nized by the operator on account of its resistance to the instrument. 
The sphenoid ordinarily constitutes but a small part of the roof of 
the nose just behind the ethmoid, likewise the frontal which lies just 
anterior to the ethmoid. Anterior to the sphenoid in the angle between 
it and the ethmoid, there is a space called the recessus sphenoethmoid- 
alis, which receives the opening of the sphenoid sinus. 

A probe with its end tipped slightly downward will readily enter 
the sphenoid if it is passed backward about 7 cm. along the roof to 
the recessus sphenoethmoidalis. As a rule to accomplish this, it is 
necessary to resect the middle turl)inate. Figs. 6 and 7 show very 
clearly the possibility of using this method. 

External Wall of the Nose. — The maxilla and palate which are 
united vertically, with their attachments, the inferior turbinate (con- 
cha nasalis inferior), lacrimal, ethmoid and sphenoid, constitute the 
outer wall of the nose. The inferior turbinate and the middle tur- 
binate (concha nasalis media) (Figs. 6, 7, 15, 16, 17 and 18) are 
attached to the Crista conchalis and crista turbinalis of the 
maxilla and of the palate bone. The superior turbinate (concha 
nasalis superior) and supreme turbinate (concha nasalis suprema), 
which is present in about one-tliird of the cases, run parallel to the 
middle turbinate, but are continuous with the lateral mass of the 
ethmoid from which ihey project backward for a short distance. The 
inferior turbinate and middle turbinate extend about the same dis- 
tances forward, constituting by far the greater portion of the projection 
from the external wall. A line drawn along the superior border of the 
middle turbinate and extended to the anterior wall divides the nose 
into two unequal parts, a superior comprising about one-lifth and an 
inferior about four-fifths. The superior and supreme turbinates are 
much smaller and shorter than the other turbinates. They spring from 
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the lateral mass of the ethmoid in the posterior tliird of the nasal wall. 
However, all of the turbinates extend about the same distance backward. 
The choanfc therefore are la relation with the posterior ends of the 
inferior and middle turbinates. (See Fig. 8.) The superior and 
supreme turbinate lie just alJ0^'e the superior choanal level. Upon 
examination through llie anterior nares, the inferior is visible for from 
one-half to its whole length, the middle ordinarily at its anterior end, 




The outer wall of tlie IrCt nHsiil 



and the superior and supreme are not visible unless extensive atrophy- 
is present or unless the middle turbinate lias been removed. 

The inferior turbinate is attaelied to the lacrimal, constituting a 
portion of tlie wall of the napolacrimal canal, and to the ethmoid; it 
serves to decrease the size of the orifice of the maxillary sinus. 

The turbinates are covered with nnicous membrane, continuous 
with the mucous membrane of the external wall of the nose. It is 
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thickest over the inferior and middle turbinates, made so by the large 
number of venous radicals which are present. These have been vari- 
ously designated as turbinate bodies, Schwellkorper (by Zuckerkandl) 
(plexus cavemosi concharum); they are of great importance in the 




Fig. s. 

The choante and anterior n'all of the sphenoid sinus v 



wed from behind. 



physiologic action of the nose, more particularly in connection with 
respiration. 

There is a small elevation on the outer wall just anterior to the 
middle turbinate known as the agger nasi. It is sometimes the seat of 
an anterior ethmoid cell. Tt is by entering through the outer wall at 
the agger nasi that Mosher recommends that the ethmoid cells be 
curetted without disturbing or necessarily removing the middle tnr- 
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binate bone. Below this is a sliglit depression known as atrium meatus 
medii, which extends backward and downward into the middle meatus. 

By virtue of the turbinate ledges on the external wall, the nasal 
cavity is divided into three meatuses, the inferior, middle and 
superior (Figs. 6, 13, 17 and 18). 

The inferior meatus, below and lateral to the inferior turbinate 
bone, receives the lacrimal secretion through the orifice of the naso- 
lacrimal duct, in its anterosuperior portion. None of the accessory 
sinuses opens into it. 

The middle meatus contains the orifices of the frontal and max- 
illary sinuses, and of the anterior ethmoid cells. These orifices in 
the main open into the infundibulum, a hollowed out space below the 
maxillary attachment of the middle turbinate and between the bulla 
ethmoidalis and the uncinate process of the ethmoid bone (Figs. 7 and 
13). The frontal and one or more of the anterior ethmoidal cells open 
usually through its anterior and upper portion. 

The maxillary sinus opens as a rule posterior to the orifice of the 
frontal sinus. It not infrequently lies in such a position that discharge 
from the frontal and ethmoid cells passes directly through the in- 
fundibulum into tiie maxillary sinus. The opening of the maxillary 
is not always single; one or more accessory orifices may be present, 
but they open into the middle meatus. The infundibulum communi- 
cates with the middle meatus through the hiatus semilunaris. 

The superior meatus contains tiie openings of most of the posterior 
ethmoid cells. Occasionally one is found above the superior turbinate. 
Behind and above this is the opening of the sphenoid in the spheno- 
ethmoidal recess. 

The Choanae or posterior nares which are the openings of the 
nose into the nasopharynx are oval shaped and fairly symmetrical. 
They are fonned by the vomer internally, the horizontal plate of the 
palate inferiorly, the vomer and sphenoid superiorly, and externally 
by the processus pterygoideus. 

Fig. 8 is an illustration of the choanal from behind with the infe- 
rior portion of the anterior wall of the sphenoid sinus cut away so 
as to show the nasal cavity projecting above the upper level of the 
choana?. It also serves to show the relation of the sphenoid sinuses 
to the choana*, the nasal cavities, and the optic nerve. 

Posterior to the choana* on each lateral wall of the pharynx is 
the opening of the Eustachian tube. In children the nasal cavities 
are relatively smaller than in adults for the reason that the turbinates 
are far larger in proportion. 
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Accessory Sinuses of the Nose. 

The accessory sinuses of the nose are cavities in the maxillary, 
frontal, ethmoid and sphenoid bones, which are lined with a mucosa 
continuous with that of the nose; they communicate with the nasal 
cavities in places more or less definite. 

In order to understand their different relations, it is advisable to 
study the bones wliich form their walls. 




TIio Irfl. orUit; Iionc relations. 



The two nasal bones united at the sutura internasalis and the 
two maxillary hones united at the sutura intermaxillaris, together 
with the corresponding nasal bones at the sutura nasomaxillaris form 
the apertura piriformis, or the entrance to the bony nose to which the 
soft parts of the external nose are attached (Figs. 9 and 11). The nasal 
bones above form the portion of the roof of the nose which lies anterior 
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to the frontal ■with which they articulate at the nasofrontal suture. 
The maxilla constitutes the anterior, exteraal and posterior walls of 
the sinus maxillaris which it encloses. It articulates externally with 
the malar (os zygomaticum) at the sutura zygomatieomaxillaris. It 
is extended into the orbit and assists in forming its floor by articulating 
with the lacritnal, ethmoid and sphenoid bones. In the orbit, as shown 




Left orbit n'tli 1 



Tig. 10. 
ovpd px|)(iRiTig tlio r 



a of tlic nepesaory s 



in Fig. 9, the sinuses are visible where the bone has been cut away, 
the ethmoid in the lacrimal and ethmoid bones, the frontal in the 
frontal bone, and the sphenoid in the sphenoid bone. A realistic view 
of the sinuses is seen in Fig. 10, in which the decalcified bone in the 
specimen illustrated has been removed leaving the mucosa of the 
sinuses intact, the frontal, anterior and posterior ethmoid and the 
sphenoid, from before backward, and the maxillary below. From these 
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figures it is easy to observe how an inflammation of the ethmoid cells 
may result in a periorbital abscess. 

In Fig. 11, the outer plate and cancellous tissue over the frontal 
sinuses have been cut away leaving the sinuses free with a thin cover- 
ing of bone. The sinuses are somewliat larger than the average, but 
their relation to the adjacent bone structure is well shown. 




The roof of the nose and of the orbits from the endocranial side 
is presented in Fig. 12. The relations of sinuses to the lesser wing 
of the sphenoid bone, tlie pituitary fossa (fossa hypophyseos) , the optic 
chiasm, the frontal, and the cribriform plate of the ethmoid bone are 
shown. The frontal sinuses, anterior and posterior ethmoid cells and 
sphenoid sinuses are shown in succession. 
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A clearer understanding of tlie cells from this aspect may be 
secured from Fig. 52, which is made from a specimen which was pre- 
pared after decalcification by removing the endocranial bone covering 
from the sinuses, leaving the mucosa intact. The relation of the optic 
nerve to the two sphenoid sinuses and to the last posterior ethmoid 
cell is well brought out in this ilhistration. 

Frontal Sinus. — The frontal siims is the most anteriorly placed of 




all the accessory simiKcs of Iho nose. It varies greatly in .size, but 
conforms in some moasure to a uniform plan in tiiat the size laterally 
depends upon how many recesses more or less resembling one another 
are present. Thus there may be one, two, three or even four of tliese 
recesses present. The frontal sinus lies between the two plates of the 
frontal bone. Its anterior wall forms the prominence of the forehead 
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above the eyebrows. (See Fig. 11.) The posterior and superior wall 
separates it from the frontal lobe of the brain, the inferior from the 
orbit. The irregularities in the anterior wall are well shown in this 
figure, as well as the relation to the orbit and the foramen supraor- 




Fig. 13. 
ioa through the nose anti orbit. 



bitale. Radiographs show the extent and shape of this wall and are 

therefore required before radical oi>erative procedures are undertaken. 

The relation of the posterior and superior wall to the brain has 

. been studied extensively by Onodi, who found that this wall of the 
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frontal sinus may extend over the gyrus frontalis superior, gyrus 
frontalis medius and gyrus frontalis inferior. The inferior wall is in 
relation with the orbit (Fig. 13) and reaches often far back into the 
ethmoid labyrinth. As a rule it extends but a short distance pos- 
teriorly over the orbit while laterally it is usually limited to the inner 
and middle thirds, although in some instances it may reach the outer 
third. The septum between the two frontals is seldom directly in the 
median line, on which account either sinus may extend beyond it. 
The cavity is often subdivided by more or less complete septa which 
have the effect of establishing pockets in what would be otherwise a 
smooth cavity. Fig. 11 shows how irregular it may be. The sinus 
opens into the middle meatus by way of the infundibulum through 
an elongated canal (P'igs. 7, 15, 16, 17 and 18) or simply as a foramen 
directly into the infundibulum. A very cliaracteristic formation of the 
upper portion of the infundi])ulum is shown in Figs. 15 and 16, in which 
it lies behind an anterior ethmoidal cell, quite similar in appearance. 
In Fig. 16, the frontal is seen opening into the infundibulum through 
a canal. There has been considerable confusion in the application of 
the terms infundibulum and hiatus semilunaris. Onodi includes under 
the term hiatus semilunaris, the entire space between the uncinate 
process and the bulla ethmoidalis of the ethmoid bone, and accepts the 
designation of Killian, reeessus frontalis, for the sharply outlined fossa 
into which the frontal often opens. Where a canal is present, he terms 
it ductus nasofrontal is. It is quite common for one or more ethmoid 
cells to open with the frontal through the infundibulum, furthermore the 
orifice of the maxillary sinus may lie in such a position that it receives 
the pus which flows from the frontal sinus and ethmoid cells, giving 
the impression that suppuration of the maxillary sinus is present. 

Maxillary Sinus. — The maxillary sinus as will be seen in Fig. 14, 
is a cavity in the maxilla interposed between the alveolar process and 
the orbit and the external wall of the nose and the malar process. A 
portion of the anterior wall has been cut away bringing the cavity into 
view. That portion of the alveolar process covering the roots of the 
teeth has been cut away, to show their relation to the floor of the 
sinus. In the specimen illustrated the roots of the three molars and 
two bicuspids are in close relation with the sinus, two of the roots of 
the second molar making indentations into the floor. The cuspid lies 
anterior to the sinus, but it extends above the floor. 

The floor of the sinus is by no means smooth or regular; as a rule 
there are bony septa present which divide it into pockets. Hence 
puncture through the alveolus will not necessarily result in satis- 
factory drainage. The floor of tlie nose is generally on a higher level 
than that of the sinus. (See Figs. 4 and 13). 
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The posterior limit of the maxilla separates the maxillary sinus 
from the zygomatic fossa (fossa infratemporalis). The floor of the 
orbit in part constitutes the roof of the sinus and the external wall 
of the nose, its internal wall. The cana! for the infraorbital nerve 
forms in most instances a ridge on the roof of the sinus; however, the 
ridge may not be well marked and may be even absent. (Fig. 13.) 

The opening of the sinus into the middle meatus is on the internal 
wall, generally in its upper part ; at times there are accessory openings. 




INFRI>TEMPOI>rAt.l 



Pig. 14. 

s uf the (ucc witli niiLxilliir 



Hence it is that pus in this sinus is evacuated through its opouiug more 
readily in the recumbent position; pus coming from the middle meatus 
may be determined to come from the maxillary sinus if it appears or 
increases when the head is lowered and the face is turned towards the 
side examined. This brings the orifice into the most dependent position 
and thus permits pus to flow out more readily. The position is not 
conducive to the flow of pus from tlie frontal sinus or the anterior 
ethmoid cells. 
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The maxillary sinus may be opened surgically: 

1. Through tlie ah'eolar process by removing a tootli or in some 
instances without the removal of a tooth. 

2. Through the anterior wall (in the fossa canina) in the mouth. 

3. In the middle or inferior meatus, with or without resecting a 
part of the inferior turbinate. 

4. By cutting away a part of the margin of the apertnra piri- 
formis through the nose and continuing the excision by removing a 




part of the external wall of the iio>;c below the attachment of the infe- 
rior turbinate (Canfield's operation). 

Ethmoid Cells. — The etlnnoid cells are divided into two groups, 
the anterior which open into the middle meatus and the posterior which 
open above the middle turbinate, generally in the superior meatus. 

There is no unifonnity ns to the number, position or size of the 
cells in either group. Tliey lie in the bony wall between the nasal 
cavities and tiie orbit, the frontal and sphenoid sinuses, and between 
the floor of the cranial cavity and the middle turbinate. 
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Sometimes an ethmoid cell may extend into the middle turbinate 
forming M'hat is kno^-n as a concha bullosa. Such a cell as a rule 
has its opening in its upper part, and therefore drainage is unsatis- 
factory when any affection is present which causes it to fill up with 
fluid. The bulla ethmoidalis (Figs. 7 and 13) contains one or more 
ethmoid cells, generally belonging to the anterior group, although occa- 
sionally one is found oi)ening into the superior meatus. 

In the specimens illustrated in Figs. 15 and 16, a sagittal section 
has been made, so as to cut through the anterior attachment of the 




Fig. 16. 
Sagittal section through the right side of the nose. Internal portion. 



inferior turbinate to the maxilla, which is shown free except for its 
attaeliment to the palate bone. The middle turbinate is shown articu- 
lated with both the maxilla and palate bone. The uncinate process 
which assists in closing up the inner wall of the maxillary sinus 
projects downward from the lateral mass of the ethmoid. As will 
be noted it partakes in part of the general cellular arrangement of the 
bone in this position. 

The frontal opening into the infundibulum ethmoidale is well shown 
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while adjacent anterior ethmoidal cells are quite typical. Behind these 
are the posterior ethmoid cells, and posterior to them, the sphenoid. 
The specimen shows the pterj-gomaxillary canal throuRhout its 
entire extent. It will be observed that the upper part of the canal, 
where the sphenopalatine ganglion lies, may be entered by plunging 






Fig. 


17. 


Figs. 13 ami 1(1. . 


<ii tliiouKlL the left 


sido 



a needle into the outer wall of the nose just above the posterior 
extremity of the middle turbinate. 

An ethmoid cell lies anterior to the inl'uudihuhuu runuiiig par- 
allel to it and resembling it in shape and size. As has been already 
reported by the writer, a probe is likely to enter this particular type 
of cell, giving tlie surgeon the impression that he is in the frontal sinus. 
Sometimes this cell or another anterior ethmoid cell may project far 
into the frontal sinus, constituting what is known as a bulla frontalis. 
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The arrangement of tlie ethmoid labyrinth is shown hi Figs. 17 
and 18, which illustrate the two sides of a sagittal section of tlie nasal 
cavity made internal to the one in tlie speeimen illustrated in the last 
two figures. On one side the posterior portions of the turbinate are 
left with their articulation with the palate bone, and on other their 
maxillary attacliments are preserved. 

Sphenoid Sinus. — Tlie figures show two very large sphenoid 
sinuses, the right extending anteriorly to the left side far beyond the 




Fig. 18. 
Sagittal section tlirough tho left side of tlie nose inlcriinl to thnt of 
Figs. 15 and 10. Eulcrnnl portion. 

median line, and the left posteriorly almost as far. The sphenoid 
sinuses occupy a greater or less amount of the body of the sphenoid. 
The two sinuses are not imiform in size, shape or relation. 

A sphenoid sinus may extend but slightly to tho opposite side, 
and sometimes it may grow to such an extent on the opposite side, 
that the other sphenoid is reduced to an exceedingly small size. On 
the other hand the last posterior ethmoid may almost entirely replace 
it. It may extend almost as far back as the Gasserian ganglion, and 
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to the basillar process of the occipital, and as far fonvard as the 
canalis opticus. Sphenoid sinuses of various sliapes and sizes are illus- 
trated in Figs. 35 to 55. 

The walls of tlie sphenoid sinus vary in tliickness not only in 
different individuals, but also in the two sinuses of the same head. 
This statement pertains more especially to the superior wall, the 
effect of which is to bring the pituitary body and optic ner\'es much 




Fig. 19. 

Coronal section tlirouKh now an<l ovhit thror n 
trail of the splienoid sinuses. 



ir to tlic anterior 



closer to one sinus than to tJie other. The external wall, generally the 
thickest, lies between the sinus and the middle cranial fossa, and adjoins 
the sinus cavernosas and the carotid artery. The following nerves in 
addition to the optic are found in relation with the external wall, abdu- 
cens, oculomotor, trochlear, ophthalmic and maxillary (Fig. 8). 

The posterior wall articulates M-ith the basillar process of the 
occipital. The inner wall or septum sinuuiu splienoidalium is frequently 
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in the median line, but from wliat lias already been stated, it may be 
exceedingly irregular in its position. (Fig. 57.) 

The anterior wall is in relation with the nasal cavity (recessus 
sphenoethmoidalis) and the posterior ethmoidal cell. In the section 
(Fig. 19) the walls of the nasal cavities have been cut away 3 mm. 
anterior to the sinus, showing the relation of the anterior wall to the 
nasal cavities and the posterior ethmoid cells. The turbinates, four 
in number on each side are cut close to their posterior extremity. The 
choansB are visible in the depths. Their position with respect to the 
sphenoid sinus and to the posterior portion of the nasal cavity is well 
shown. It will be observeil that much of the nasal cavity lies above 
the choana?, quite as great in size from below upward as the choansB 
themselves. This figure shows how the sphenoid may be opened with 
or without the destruction of the posterior ethmoid cell. Compare 
this with Fig. 8, which gives a view of the sphenoid anteriorly from 
the pharynx. 

The orifice of the sphenoid sinus, while always opening into the 
nose above the superior turbinate, varies considerably in its position. 
The following table shows the distance between the inferior margin of 
the opening, and the lowest level of the floor, and the highest level of 
the roof respectively, in fifteen heads measured by the writer: 

DISTANCE BETWEEN THE INFERIOR MARGIN OF THE NASAL OPENING OF 
THE SPHENOID SINUS AND THE FLOOR AND ROOF OF THE SINUS 







(In Millimeters) 






HEADS 


RIGHT 


LKFT 




FLOOR 


ROOF 


FLOOR 


ROOF 


VI. 


17 


13 


13 


11 


VII. 


7 


15 


20 


14 


VIII. 


13 


14 


11 


16 


IX. 


10 


13 


4 


13 


X. 


13 


9 


8 


12 


XI. 


12 


14 


11 


15 


XII. 


4 


4 


14 


12 


XIII. 


15 


21 


17 


19 


XIV. 


16 


22 


8 


10 


XV. 


2 


2 


14 


13 


XVI. 


7 


14 


3 


7 


XVII. 


12 


12 


7 


12 


xvni. 


6 


4 


5 


14 


XTX. 


21 


7 


9 


8 


XX. 


19 


o 


17 


10 
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These figures show a wide variation, and yet it may be said that 
the orifice, as a rule, is midway l)etweon the roof and tlic floor. This is 
true for twenty out of thirty sinuses. 

In XTX, XX, right, the orifice is in the upper third; in \^t and xvi, 
right, and ix, xvi and xviii, left, it is in the lower third; in the other 
twenty-three instances it is in the middle third. 

It is relatively highest in head xx, right, where its distance from 
the roof is one-tenth of that I)etween llie roof and the floor. It is rela- 
tively lowest in ix, left, whore it opens in the lower quarter of the 
anterior wall. 

The relation of the cavernous sinus and of the third (oculomotor- 
ius), fourth (trochlearis), fifth (trigeminus), sixth (abducens) and the 
vidian nerves to the sphorioid sinus has been carefully studied by 
Sluder. 

He found that the l)ody of the sphenoid is covered above and 
laterally by the dura mater with the cavernous sinus between its ex- 
ternal and internal surfaces, occupying a position for the most part 
above and lateral to the bod v. Within the cavernous sinus are found 
the internal carotid artorv, and the third, fourth and sixth cranial 
nerves, the first division of the fifth lying in the lower part of its lateral 
wall. The sixth and third division of the fifth are the only ones of 
these nerves that are not at times in close association w4th this cell, 
that is, separated from it l)y a very thin layer of bone, and even the 
third division of the fifth is sometimes also in close association with 
it. The sixth is uniformly placed on the lateral aspect of the carotid 
while within the cavernous sinus and is alwavs removed from this bonv 
wall. 

The fact which determines the relations of these nerve trunks to 
the sphenoid sinus is the size of the cavernous sinus rather than the 
size of the sphenoid sinus. A large sphenoid sinus prolonged back- 
ward and outward may closely approach the third division of the fifth 
in the foramen ovale or even the Gasserian ganglion. (See Fig. 47.) 

The second division of the fifth is in close association with the 
sphenoid sinus when it extends laterally to the foramen rotundum. 
The first division of the fifth comes into close association with the 
sphenoid sinus anteriorly when the cavernous sinus is small in either 
direction. The third and fourth nerves may be in relation with the 
sphenoid sinus when it is prolonged outward into the anterior clinoid 
process or lesser wing of the sphenoid. The sixth nerve comes into 
these relations in the sphenoidal fissure (fissura orbi talis superior) 
when the sinus is prolonged into the great wing of the sphenoid (ala 
magna). 

This close association of the sphenoid sinus with the second di- 
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Fig. 20. (Hcnd VI.) 




FlK. 21. (Iloail vn.) 



m^ /Mh'ks^ 



O ^ 



Via. 22. (Hrad VIU.) 
Lateral anil Mi^ioriur lecvinBtructJuiiH of the ncrcsBory ainuscs of (lie nose. 
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Fig. 2;). (Head XI.) 
Latrrnl nnil superior iwimstnu-.t ions ot Hip iirpox 
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Fig. 20. (Head XII.) 




Pil^, 27. (Head XIII.) 




Fig. 28. {Hen.1 XIV.) 
Lateral anU Bupcrior reconstructions of the accessory i 
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Fig. 3P.. (Hph(I XIX.) 




Fit;. 34. (Head XX.) 
I.Hlcrat and Bujwrior reconstructions of the 
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vision of tlie fifth in tlie foramen rotundum may be established as early 
as the third vear of life, and with the vidian nerve in its canal as early 
as the sixth year. 

Variations of the Sinuses in Size and Shape. 

The reconstruction method is perhaps the best for illustrating the 
variations in size and shape of the sinuses. Reconstructions of the 
sinuses in fifteen heads are shown, right, left and superior. In Figs. 20 
to 34 inclusive, the central illustration is the superior view, the right 
shows the left set of sinuses, and the left the right set (so placed in 
order to make orientation easy). The anterior ethmoid cells are repre- 
sented by dotted lines and the posterior by broken lines. The other 
sinuses are drawn with solid lines, as they are obvious, viz., in the 
central illustration the maxillarv are the most external, the frontal an- 
terior, and the sphenoid posterior; in the lateral, the frontal is supe- 
rior, the sphenoid posterior, and the maxillary inferior. The ethmoid 
cells of each grouj) are drawn as if they constituted a single sinus, 
except where the colls were too far distant from the group. As the 
figures are reduced to one-half the natural size, it is easy to estimate 
the extent of the sinuses. 

In the central figures the extent of tlu^ siuus(»s anteroposteriorly 
and laterally is shown, and in the right and left figures, superoin- 
feriorly and anteroposterioily. The corresponding diameters may be 
thus determined. 

Frontal Sinus. — AVhile theie is a great diversity of shapes to be 
found in the different frontal sinuses, there is rather more uniformity 
of shape and size in the two frontals of the same head. The dimen- 
sions in millimeters are as follows: 

DIAMETERS OF THE FRONTAL SINUS 

(In Milliniotora) 



IIKAI) 


ANTKKOPOSTKRIOIl 


SrPKROINKERIOR 


LATKRAL 




R. 


L. 


R. 


U 


R. 


L. 


VI. 


15 


18 


24 


30 


20 


32 


VII. 


32 


3.T 


28 


26 


oo 


26 


VIII. 


oo 


16 


51 


28 


25 


11 


IX. 


17 


21 


27 


36 


21 


37 


X. 


17 


17 


AO 


37 


27 


oo 


XL 


22 


16 


3S 


38 


oo 

Mad 


15 


XII. 


in 


oo 


34 


45 


10 


27 


XII L 


17 


13 


25 


oo 


21 


18 


XIV. 


26 


21 


45 


37 


42 


37 


XV. 


9 


12 


14 


24 


7 


11 


XVL 


12 


13 


35 


30 


26 


21 


XVI L 


26 


30 


35 


43 


17 


23 


XIX. 


28 


21 


39 


41 


25 


30 


XVI IL 


12 


17 


30 


31 


28 


20 


XX. 


26 


31 


46 


45 


32 


24 ' 
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The variations in the size of the frontals may be summed up as 
follows : 

Eange, anteroposterior 9 to 33, superoinferior 14 to 51, lateral 7 
to 42. Usual, leaving out five highest and lowest, anteroposterior 15 
to 26, superoinferior 26 to 40, lateral 17 to 30. Average, antero- 
posterior 21, superoinferior 34, lateral 23. 

The largest sinus is that of xiv (Fig. 28) right, in which the 
diameters are 26, 45, 42, and the smallest that of xv (Fig. 29) right, 
having the diameters 9, 14, 7. 

Maxillary Sinus. — As a rule tlie maxillary sinuses in a given head 
are fairly uniform in size and shape; the dimensions of the maxillary 
sinuses are shown in the following table: 



DIAMETERS OF THE MAXILLARY SINUS AND DISTANCE OF TIIE OPENING FROM 

THE FLOOR OF THE CAVITY 

(In Millimeters) 





ANTERO- 
POSTERIOR 


SUPERO- 
INFERIOR 


LATERAL 


DISTANCE OP 

OPENING FROM 

FLOOR OP CAVITY 


HEAD 


R. 


L. 


R. 


L. 


R. 


L. 


R. 


L. 


VI. 


39 


40 


42 


32 


30 


25 


36 


28 


VII. 


40 


42 


41 


47 


28 


29 


32 


39 


VITT. 


32 


30 


28 


29 


19 


18 


24 


25 


TX. 


17 


20 


17 


21 


8 


11 


15 


14 


X. 


39 


37 


37 


40 


33 


30 


36 


38 


XL 


40 


40 


37 


39 


31 


29 


33 


34 


xn. 


34 


29 


28 


28 


28 


25 


21 


23 


XIIL 


37 


40 


45 


43 


29 


32 


32 


32 


XIV. 


37 


42 


38 


40 


25 


25 


23 


21 


XV. 


40 


33 


38 


34 


24 


26 


33 


30 


XVI. 


25 


26 


23 


26 


15 


17 


18 


24 


xvn. 


35 


37 


31 


33 


32 


23 


22 


25 


xvni. 


35 


26 


38 


26 


26 


19 


33 


21 


XIX. 


36 


42 


45 


42 


27 


32 


40 


38 


XX. 


36 


35 


39 


36 


25 


21 


36 


28 



The variations are as follows: 

Eange, anteroposterior diameter 17 to 42, superoinferior 17 to 47, 
lateral 8 to 33, orifice to floor 14 to 40. Usual, leaving off highest and 
lowest five, anteroposterior 29 to 40, superoinferior 28 to 42, lateral 
19 to 30, orifice to floor 21 to 36. Average, anteroposterior 38, supero- 
inferior 38, lateral 23.8, orifice to floor 29. The largest is vii (Fig. 21) 
left, 42, 47, 29, the smallest is ix (Fig. 23) right, 17, 17, 8. It will be 
noted that leaving out a few of the extremes, the maxillary sinuses are 
more uniform than any of the other sinuses. 
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Ethmoid Cells. — To show tlie great complexity of the ethmoid cells 
and the variability of their size and shape, it has been deemed advis- 
able to consider the diameters of the ethmoid labyrinth and of the an- 
terior and posterior groups of cells respectively. The dimensions are 
as follows: 

DIAMETERS OF THE ETHMOID LABYRINTH 

(In Millimeters) 







LABYRINTH | 


ANTKRIOK KTIIMOID 


rOSTKRIOR FmiMOin 


HEAD 


Antero- 
posterioi 


Supero- 
inferior 




Antero- 
posterior 


Supero- 
inferior 


'3 


Antero- 
posterior 


iupero- 
inferior 


a 
o 


VI. 


Right 


37 


23 


18 


23 


22 


8 


28 


23 


28 




Left 


36 


20 


13 


22 


15 


9 


20 


17 


12 


VII. 


Right 


43 


34 


26 


22 


31 


8 


26 


34 


27 




Left 


47 


35 


20 


27 


12 


9 


30 


36 


20 


VIII. 


Right 


32 


26 


19 


32 


20 


16 


oo 


17 


11 




Left 


47 


32 


26 


24 


or 


11 


22 


32 


26 


IX. 


Right 


34 


39 


20 


21 


33 


18 


23 


26 


12 




Left 


30 


36 


20 


20 


32 


19 


21 


28 


23 


X. 


Right 


35 


28 


14 


19 


25 


11 


20 


17 


13 




Left 


35 


28 


15 


21 


26 


15 


22 


19 


14 


XI. 


Right 


24 


33 


15 


10 


26 


11 


20 


18 


13 




Left 


23 


20 


16 


14 


27 


11 


17 


15 


16 


XII. 


Right 


40 


20 


12 


40 


17 


12 


15 


6 


8 




Left 


34 


17 


12 


30 


17 


9 


13 


10 


11 


XIII. 


Right 


35 


31 


12 


14 


18 


9 


26 


23 


12 




Left 


35 


35 


18 


26 


35 


14 


25 


31 


18 


XIV. 


Right 


45 


59 


26 


26 


57 


26 


27 


30 


17 




Left 


40 


57 


28 


30 


50 


29 


32 


31 


12 


XV. 


Right 


33 


26 


9 


9 


7 


24 


24 


20 


9 




Left 


37 


26 


Ji 


17 


8 


26 


20 


22 


11 


XVI. 


Right 


32 


40 


15 


20 


35 


14 


ktf art 


26 


12 




Left 


35 


31 




19 


28 


18 


28 


23 


16 


XVII. 


Right 


27 


19 


12 


9 


19 


7 


18 


17 


11 




Left 


22 


18 


10 


12 


16 


10 


16 


17 


10 


XVIII. 


Right 


54 


nn 


16 




IS 


14 


14 


28 


15 




Left 


38 


25 


15 


30 


34 


12 


33 


23 


15 


XIX. 


Right 


24 


25 


11 


16 


25 


13 


17 


18 


11 




Left 


25 


28 


11 


15 


28 


11 


17 


20 


9 


XX. 


Right 


35 


40 


15 


28 


38 


11 


27 


35 


14 




Left 


32 


42 


L3 


15 


29 


12 


25 


38 


13 



These figures show the following: 

Ethmoid Labyrinth. — Range, anteroposterior diameter 22 to 54, 
superoinferior 17 to 59, lateral 9 to 28. Usual, leaving out five highest 
and lowest, anteroposterior 27 to 43, superoinferior 23 to 36, lateral 12 
to 20. Average, anteroposterior 35, superoinferior 31.6, lateral 16.3. 

The largest is that of xiv (Fig. 28) left, 46, 57, 28, and the small- 
est, xvii (Fig. 31) left, 22, 18, 10. 
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Anterior Ethmoid. — Range, anteroposterior 9 to 40, superoinferior 
7 to 57, lateral 7 to 29. Usual, leaving out five highest and lowest, 
anteroposterior 14 to 27, superoinferior 17 to 34, lateral 9 to 18. Aver- 
age, anteroposterior 21, superoinferior 25.6, lateral 14. 

The largest is that of xiv (Fig. 28) left, 30, 50, 29, and the small- 
est that of XVII (Fig. 31) right, 9, 19, 7. 

Posterior Ethmoid. — Range, anteroposterior 13 to 33, supero- 
inferior 6 to 38, lateral 8 to 28. Usual, leaving out five highest and 
lowest, anteroposterior 17 to 26, superoinferior 17 to 31, lateral 11 to 
18. Average, anteroposterior, 22.3, superoinferior 23.3, lateral 14.7. 

The largest is that of vii (Fig. 26) left, 30, 36, 20, and the smallest 
that of xn (Fig. 26) right, 15, 6, 8. 

Sphenoid Sinus. — There is a tremendous variation in the dimen- 
sions of the thirty sphenoid sinuses, as shown in the following table: 



DIAMKTERS OF TOE SPIIP:N0ID SINUSES 

(In Millimeters) 



IliCAD 


ANTKUOroSTKUIOR 


sn I' KnOINFKRIOU 


LATERAL 




R. 


f 


K. 


L. 


11. 


L. 


VI. 


:\r) 


15 


30 


24 


31 


12 


VII. 


42 


::g 


oo 


34 


34 


2.3 


VIII. 


25 


20 


27 


25 


10 


12 


IX. 


21 


14 


0'> 


17 


17 


13 


X. 


17 


14 


■oo 


20 


17 


11 


XI. 


31 


27 


20 


20 


14 


19 


XII. 


9 


39 


8 


20 


7 


24 


XIII. 


10 


33 


:\C) 


30 


14 


27 


XIV. 


24 


10 


38 


18 


35 


10 


XV. 


o 


23 


4 


27 




21 


XVI. 


20 


9 


21 


10 


14 


8 


XVII. 


24 


14 


24 


19 


17 


17 


XVIII. 


9 


19 


10 


19 


9 


24 


XIX. 


32 


20 


28 


17 


27 


12 


XX. 


29 


30 


21 


27 


28 


34 



The anteroposterior diameter varies from 2 mm. in xv (Fig. 29) 
right, to 42 mm. in vii (Fig. 21) right; the superoinferior from 4 in xv 
(Fig. 29) right, to 38 in xiv (Fig. 28) right; lateral from 2 in xv (Fig. 
29) right, to 35 in xiii (Fig. 27) right. 

The sphenoid sinus of xv (Fig. 29) right, is by far the smallest, 
with diameters 2, 4 and 2; the next smallest being xii (Fig. 26) right, 
with diameters 9, 8 and 7. That of vii (Fig. 21) right, is the largest, 
with diameters 42, 22 and 34; while that of vi (Fig. 20) right, is next 
largest, with diameters 35, 30 and 31. 
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The average diameters of the thirty sinuses are as follows: 
Anteroposterior 21.5, superoinferior 22.8, lateral 18.4. Excluding five 
extremes, smallest and largest, the range of the remaining twenty, 
which may be considered as common, is as follows: Anteroposterior 
14 to 32, superoinferior 17 to 27, lateral 11 to 27. 




Fig. :;3. <JIca(l VII.) 
» (if »])lipiic)icl siiiiiwa, plai'Cil i 



A glance at the rrcoustniction of the sphenoid sinuses (Figs. 20 
to 34) shows tlie great variety of sixe and shape. Tlie right sphenoid 
XV (P^ig. 29) is hut little larger than its opening into the nasal cavity, 
wliich is in its accustomed position. It is replaced almost entirely by 
the left sphenoid, which is in relation with the optic chiasm, and both 
nerves. Both sphenoids of vii are exceedingly large (Fig. 21) and 
extend far behind the optic chiasm, sharing this feature with vi (Fig. 
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20) right, XII (Fig. 26) left, xui {Fig. 27) left, xvii (Fig. 31) right, 
and XIX (Fig. 33) right. 

There is likewise great disparity in the size of the two sphenoid 




Fig. 3C. (Hcail Xll.) 
rinsU't vasti of splipnuiil sinuses, [iliiccil in situ. 

sinuses in vi (Fig. 20), xii (Fig. 26), xiv (Fig. 28), xv (Fig. 29) and 
XIX (Fig. 33). 

In XVI neither splienoid is in relation with the left optic nerve 
.(B'ig. 30). A large posterior ethmoid cell replaces the left sphenoid 
which is greatly reduced in size. 
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Saperflcial Area and Cubical Capacity of the Sinuses. 

In order to determine the superficial area and cubical capacity 
of the sinuses, it is necessary to make casts of them and subject these 




to some standard of niea.su rements. Brauiic and Clasen found the 
cubical capacity by volumetric measurements of motallie easts of the 
sinuses. The writer presented a method at tlie International Laryngo- 



THE SURGICAL ANATOMY OF THE NOSE. 37 

llhinologica] Congress in Berlin in 1911, by which both the cubical 
capHcity and tlie superficial area (for the first time) were determinable 
from plaster casts made of the sinuses (except the ethmoidal) in serial 
sections, and then properly united according to the methods used by 




Fig. 38. (Head XXIII.) 
Plaster dials of apliL-noid Biouses, jilacci] in »itii. 

dentists. A number of illustrations of such casts of the sphenoids are 
here presented, tlie casts being placed in proper position in the lowest 
section. A far better understanding of the extent and variability of 
the sphenoid sinuses is secured by tliis method than by any other. 



3o OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

It will be observed that the sphenoid sinuses although sliowing little 
resemblance to one another in the different heads, are fairly uniform 
in shape and size in vii (Fig. 33), xxiii (Fig. 38) and xxxv (Fig. 40), 




Fig. 30. (HuJia XXVI.) 
riasliT oiisfH iif st'lu-noid siiiusen, |>l,i<'cJ in silii. 

These are all large except xxiii. Tlie greatest difference is to be seen 
in XII (Fig, 36) in which the riglit sjihcnoid is reduced to a cavity 2 by 2 
by4 mm. xiv (Fig. 37) and xxvi (Fig. 39) show considerable difference 
in the size of the two sphenoids. 
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The results of the measurements may be summarized as follows: 





SUPERFICIAL AREA IN 

SQUARE CEN'TIUETEItS 


*CUBIC* CENTI^WCTmS 




Greatest 


Least 


Greatest 


Least 


Sphenoid, 
Frontal, 
MaxiUary, 


2S.2 
32.3 

32.3 


2.4 
5.5 
12.1 


J 1.8 

8.2 
28.4 


0.6 
0.9 
4.5 




Fin. 40. (Httid XXXV.) 
Plaster caatH ut aiihcrnii.l ainuscs, [iliiced iii i 
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Optic Chiasm and Nerve. 
The relation of these structures to the nose and accessory sinuses 
is of importaiieo from the standpoint of both pathology and surgery. 





AHTer«i» c»«o*i« intibn* t 

Fij;. t2. {ilo:\A VII.) 
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The author has made a study of this in tlie fifteen heads illustrated 
in Figs. 41 to 55 inclusive. These are the same heads of which recon- 
structions were made as shown in Figs. 20 to 34 inclusive. 




Pij;. 44. (Head IX.) 
Preparation showiug relation of optic nerve to occcsaory sinuses of the r 
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The optic chiasm in those heads is in the main in relation with one 
or both sphenoid sinuses. It is directly upon the roof in heads vi (Fig. 
41) both sides; VII (Fig.42);xn (Fig. 47) both sides; xiii (Fig. 48) left; 



INFUNtHBULUM 




Fiij. ■10. (Head XI.) 
I'lppnration Hhuwiiig rt'liitiou tit optic iitTvc to ai'Waaorj- aimises of tlio u 
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XV (Fig. 50) left; xvii (Fig. 52) right; xvni (Fig. 53) left; xix (Fig. 
54) both sides. 

It lies considerably above the roof in viii (Fig. 43) left; xiv (Fig. 
49) left; XVI (Fig. 51) left. 

It lies posterior to the sphenoid sinus in viii (Fig. 43) both sides; 
IX (Fig. 44) both sides; x (Fig. 45) both sides; xi (Fig. 46) both sides; 
xiii (Fig. 48) right; xiv (Fig. 49) both sides; xvi (Fig. 51) both sides; 
xvTi (Fig. 52) left; xx (Fig. 55) both sides. 

It is thus seen that in more than half of the instances the chiasm 
Jies posterior to the sphenoid cavity. Special attention is called to 
VI, VII, XII, XIII, XVII, XIX, where a considerable portion of the sphenoid 
cavity lies beyond the anterior margin of the optic chiasm. No other 
cells among these specimens come into relation with the optic chiasm. 

The optic nerve may bo described as passing externally from the 
chiasm along the roof or lateral wall of the sphenoid sinus in slight 
relation, usually with the last posterior ethmoid cell, and from thence 
to the bulbus opticus througli the periorbita. 

It may be divided into a sinus portion and a free portion. Under 
the former term, I include tliat part of tlie nerve in immediate relation 
with the accessory cavities of tlie noso or (arbitrarily) within 3 mm. 
of the sinus wall. 

The following moasuromonts sliow tlic^ length of the nerve in the 
different heads : 

LENGTH OF OPTIC NERM^. 
(In Millimeters) 



HEAD 




FKEK rORTlOX 


SIM'S PORTION 




R. 


L. 


R. 


L. 


R. 


L. 


VI. 


44 


44 


21 




23 


oo 


VII. 


54 


55 




24 


32 


31 


VIII. 


40 


40 


21 


20 


19 


20 


IX. 


45 


45 


18 


20 


27 


25 


x. 


37 


34 


18 


15 


19 


19 


XI. 


54 


55 


26 


26 


28 


29 


XII. 


45 


44 


22 


23 


23 


21 


XIII. 


39 


40 


15 


12 


24 


28 


XIV. 


43 


40 


15 


14 


28 


26 


XV. 


54 


47 


28 


27 


26 


20 


XVI. 


43 


44 


19 


18 


24 


26 


XVII. 


40 


40 


19 


23 


21 


17 


XVIII. 


48 


45 


23 


20 


25 


25 


XIX. 


39 


37 


15 


14 


24 


23 


XX. 


44 


44 


21 


23 


23 


21 



The following variations are obtained : 

Optic nerve : range, 34 to 55 ; usual, leaving off highest and lowest 
five, 40 to 48 ; average 44. 
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Free portions : range, 12 to 38 ; usual, leaving off highest and low- 
est five, 15 to 23 ; average 20. 

Sinus portion : range, 17 to 32 ; usual, leaving off highest and low- 
est five, 21 to 28 ; average 24. 

It is therefore clear that, at least in these heads, the sinus portion 
of the optic nerve is a trifle greater than the free portion. 

There does not appear to be any correspondence betAveen the 
length of the optic nerve and the extent of accessory cavities. 

Where the sinus is very large, the optic nerve has its origin in 
the chiasm on the roof of the sphenoid, some distance anterior to the 
posterior wall of the sinus, as for instance in vi (Fig. 41) right; vii 
(Fig. 42) both sides; xii (Fig. 47) left; xm (Fig. 48) both sides; xx 
(Fig. 55) both sides. 

Where the sinus is small, the optic nerve leaves the chiasm gen- 
erally behind the sinus, as scon in vin (Fig. 43); ix (Fig. 44) both 
sides; x (Fig. 45) both sides; xvi (Fig. 51) both sides. Head xvni (Fig. 
53) is somewhat at variance with this rule, but, under any circum- 
stances, it does not appear possil)le to assign the variation of the sinus 
as an explanation for the varying size of the optic nerve, nor for the 
relation which the sphenoid opening bears to the optic nerve. 

The following table of measurements shows this difference. 



DISTANCE BETWEEN LOWER SURFACE OF OPTIC NERVE AND NASAL OPENING 

OF SPHENOID 

(In Millimeters) 



HEAD 


RIGHT 


LEFT 


VI. 


9 


6 


VII. 


6 


6 


VIII. 


2 


6 


IX. 


6 


7 


X. 


3 


2 


XI. 


9 


12 


XII. 


9 


3 


xni. 


5 





xrv. 


14 


14 


XV. 


8 


5 


XVI. 


32 


11 


XVII. 


5 


5 


XVIII. 


1 above 


2 above 


XIX. 


1 above 


1 


XX. 


8 


12 



Range, 2 above to 14; usual, leaving off highest and lowest five, 
2 below and 11 ; average 6. 

In two instances xviir (Fig. 53) both sides, and xtx (Fig. 54) right, 
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the orifice is above the lower surface of the optic, and in xin (Fig. 48) 
left, it reaches the same level. In nine instances out of the thirty, the 



NcnvuB 0Lr«cT0itiui 




Fig. 48. (Head XIII.) 
Prcparatioa siiotving relation of optic neno to accessory sinuses pf the n 
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optic nerve lies within 3 mm. of the level of the orifice of the sinus. 
When the optic nerve lies so near the level of the orifice of the sphe- 




Fit'. .Jf>. (JI,T,d XV.) 
Preparation slnHving reliitbn of oplic nerio to accessory sinusca of the n 
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noid, it is in a far more vulnerable position than when its distance 
is greater, for the orifice represents the possible height of pus in 
sphenoid empyema with an open orifice. 





Fig. 53. (Head XVII,) 
Preparation shon-ing- relation of optic nerve to acccsaorj- minuses of the i 
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The Optic nerve as a rule comes into relation with the postero- 
external angle of the last posterior etlimoid cell at its roof, and from 
this point it passes in an external direction through the periorbita to 




Fij;. 53. (Head XVIII.) 
Preparation ahniving rcliifioii of oi>tic nerve 




Kig. 51. (HcnJ XIX.) 



Preparation aliening relalio 
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the bulbus. The space b<'tween tlie nerve and the etlimoid labyrinth 
increases in ahnost direct proportion as the nerve approaches the 
bulbus, and its junction with the bulbus is generally the position of 
greatest distance between the nerve and the ethmoid labyrinth. 

Ill only one case, xii (Fig. 47) does the anterior ethmoidal cell 
come in close relation with the optic nerve, replacing a posterior 
ethmoid cell which lies below it. The relation which the nerve bears 
to the last posterior ethmoid, when that cell replaces the sphenoid. 




Fig. 55. (Hoad XX.) 
Preparation showing rcIatioD of optic ■* *~ 



accessory i 



19 of tho I 



is very characteristic, for in the two instances in which this replace- 
ment is present in the heads examined, xvi (Fig. 51) and xviii (Fig. 
53), the nei-ve is found to run along the external wall of the cavity. 
This increases the ethmoid portion very considerably, clianging it 
from a course along an angle to one along a wall which it follows 
in an almost surprising manner. This probably explains the cases of 
optic neuritis which complicate an othmoiditis without an accompany- 
ing sphenoiditis, as in the writer's case of blindness cured by ethmoid 
exenteration. 



50 



OPERATIVE SURGERY OF THE NOSE> THROAT, AND EAR, 



The frontal sinus is relatively distant from the optic nerve, the 
nearest point being, as a rule, at the inner side of the orbit, and here 
it is much further away tlian tlie corresponding anterior ethmoid 
cells, which ordinarily lie anterior to it at the level of the optic nerve. 
In some instances, however, the frontal sinus may extend for a con- 
siderable distance backward ; for example vii, x, xi, xri, xv, xvii, 
xvni, XX. In all the cases tlie sinus is much closer to the optic nerve 
than where the sinus remains anterior. 

In all the specimens the periorbital fat makes a close relation 
with the maxillary sinus impossible, although, in some instances, the 
distance is less tlian 10 mm. 

Nasolacrimal Duct. 

The increasing disposition to treat stenosis of the nasolacrimal 
duct by operation througli the nose justifies a study of its topographic 




a nasolAcrimalis 
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relations in the nose. The superior and inferior canalicnlffi lacrimales, 
which start at the puncta lacrimahs, convey the tears into an expanded 
pouch called the saccus lacrimalis closed above and being continuous 
below with the ductus nasolacrimalis which itself opens jnst below the 
maxillary attachment of the concha inferior. 

The saccus lacrimalis lies in the fossa lacrimalis between the 
crista lacrimalis anterior and the crista lacrimalis posterior (Figs. 9, 




Fig. 57. 
Coronal section through the sphenoid sini 
sphenoidal lum anil exposure oE tho liypophysi 
the posterior wall of the left sphenoid sinus. 



ses, removal of soptum sinuum 
i liy cutting away the bone of 



11). It extends to the canal (canalis nasolacrimalis) and merges into 
the ductus nasolacrimalis which runs between the lateral wall of the 
nose and the maxillary sinus. 

The illustration (Fig. 56) shows the course of the sac (the upper 
expanded portion) and the duct along the external wall of the nose. 
In the specimen, the bone of the external wall has been cut away 
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leaving the sac and the duct free as far as its opening below the in- 
ferior turbinate. It is to be observed that they lie anterior to the 
middle turbinate and anterior and inferior to the first ethmoid cell 
which is here exposed. 

Hjrpcphysis (Pituitary Body). 

The location of the pituitary body or hypophysis behind the sphe- 
noid sinuses, makes it a factor in intranasal surgery. It lies in tho fossa 
hypophyseos of the sphenoid bone (Fig. 56). It consists of an anterior 
grey portion, ectodermic in origin, and a posterior white portion, epider- 
mic in origin, connected by the inf undibulum witli the third ventricle. A 
reflection of the dura, diapliragma sellffi, wliich stretches from the an- 
terior to the posterior clinoid processes separates the hypophysis from 
the optic chiasm and o])tic tracts, wliich lie just above it. The in- 
fundibulum penetrates the dura behind the optic chiasm and between 
the right and left optic tracts. Laterally the cavernous sinus surround- 
ing the internal carotid artery comes into relation with the pituitary 
body and the adjacent structures. Anteriorly and inferiorly it comes 
into relation with the sphenoidal simis, as shown in Figs. 12 and 56. 
Figure 57 is an illustration of a preparation made by cutting away 
that part of the roof of the sphenoid sinus forming the hypophyseal 
fossa and the dural investment, leaving the pituitary body free in the 
cavity. The septum Ix^tween the two sinuses has also been removed. 
The specimen shows how the hy])ophysis may be safely exposed by an 
endonasal operation through the sphenoid sinuses. 

Vascular Supply. 

Arteries. — The arteries of the external nose have their origin 
mainly from the arteria maxillaris externa. Branches of the arteria 
ophthalmica and arteria septi conmumicate with the network from the 
arteria maxillaris externa. The frontal region is supplied by the arteria 
ophthalmica, the arteria frontalis and the arteria supraorbitalis. 

The nasal cavities and the accessory cavities are supplied by the 
branches of the arteria ophthalmica, arteria maxillaris interna and the 
arteria maxillaris externa. 

The arteria si)henopalatina, terminal branch of the arteria maxil- 
laris interna passes from the fossa pterygopalatina through the for- 
amen sphenopalatinum into the nasal cavity, giving off the arteria? 
nasales posteriores and the arteria* nasales posteriores septi (nasopala- 
tine). 

The branches of these vessels supply the inferior, middle and 
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superior turbinates, tlie mucosa of tlie inferior and middle meatus, the 
sphenoid sinus, and also a portion of the septum. 

The arteria ethmoidalis anterior and the arteria ethmoidale 
posterior leave the orbit through the foramen ethmoidalis anterius 
and the foramen ethmoidale posterius respectively, enter the cranial 
cavity passing under the dura and perforate into the nose through the 
lamina cribrosa supplying the ethmoid cells, and the upper portion of 
the lateral nasal wall and septum. 

The arteria alveolaris superior, and arteria alveolaris posterior 
and the arteria infraorbitalis supply the mucosa of the maxillary sinus 
and the periosteum of the maxilla. 

Veins. — The venus network of the external nose is connected with 
that of the vena facialis anterior and vena ophthalmica, the following 
veins collecting the supply, vena nasofrontalis and vena angularis. 

The veins of the nasal cavities and the accossorv cavities are con- 
nected with those of the nasopharjoix, eye, dura,, while those of the 
mucosa of the concha are connected with the plexus cavernosus in addi- 
tion. 

The venous supply in this region is collected by the vena ethmoid- 
alis anterior and the vena ethmoidalis posterior which enter the vena 
ophthalmica superior and the vena ophthalmica inferior. 

Innervation. 

The nervus olfactorius sends its filaments (fila olfactoria) about 
twenty in number, through the lamina cribrosa and they supply the 
mucosa of the superior and middle upper part of the turbinate and the 
septum in the corresponding position. 

The first and second branches of the nervus trigeminus supply the 
nasal mucosa. The nervus ethmoidalis anterior and nervus ethmoidalis 
posterior originate from the first, and the nervus sphenopalatinus and 
nervus infraorbital from the second. 

The nervus ethmoidalis posterior which is accompanied by a small 
branch from the sphenopalatine supplies the nmcosa of the sphenoid 
sinus and posterior ethmoid cells. The nervus ethmoidalis anterior has 
three branches, the ramus septi supplying the upper portion of the 
mucosa of the septum, the ramus lateralis, the middle turbinate and 
anterior portion of the inferior turbinate and posterolateral wall of 
the nose and the ramus anterior to that of the anterior portion of the 
roof. 

The nervus infraorbitalis gives off the nervi alveolares superiores 
which supply the mucosa of the maxillary sinus and anterior part of 
the floor of the nose. The ganglion sphenopalatinum gives off the nervi 
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nasales which supply tlie iipi)er and posterior jjortion of the lateral wall 
of the nose, the mucosa of the superior meatus, and the superior and 
middle turbinates and ethmoid cells. 

The nervi nasopalatini are branches of the ganglion sphenopala- 
tinum which supply the posterosuperior portion of the septum. The 
nervus nasopalatinus is the largest branch of the sphenopalatine. It 
passes down the septum to the canalis incisivus and supplies the adja- 
cent portions of the septum. 

The nervus ethmoidalis anterior supplies the mucosa of the an- 
terior ethmoid cells and frontal sinus; the nervi alveolares superiores 
the maxillary sinus; the nervus ethmoidalis posterior and the nervi 
nasales the posterior ethmoid cells; and the nervi nasales the sphenoid 
sinus. 

Sympathetic System. — Fibres from the plexus caraticus pass 
through the ganglion splienopalatinum which gives off fibres which are 
distributed to the posterior two-lliirds of the inferior and middle turbi- 
nate and nasal septum. 
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SURGICAL ANATOMY OF THE PHARYNX, LARYNX. AND NECK. 

By George B. Wood, M.D. 



THE PHARYNX. 

The pharynx, which is a funnel -sliaped tube, is divided for con- 
venience of description into three portions, the nasopharynx, oro- 
pharjTix and the larpigopharynx. During quiet inspiration with the 
mouth closed it presents anteriorly in order from above downward 
the posterior nares or choan^e, the soft palate with its anterior pillars 
attached to the tongue and its posterior pillars to the lateral wall of 
the pharynx, the epiglottis (the tip of which is almost in contact with 
the uvula), the laryngeal opening, the posterior surface of the aryte- 
noid bodies, and on each side of those, the pyriform sinuses. Each 
lateral wall presents the Eustachian prominence with the opening of 
the Eustachian tube, posterior to this the fossa of Rosenmiiller and be- 
low, the lateral folds of the pharjnix. The posterior wall is a smooth 
surface showing small deposits of lymphoid tissue and is continuous 
above with the vault, which arches forward to the upper part of the 
choanae. In the vault is situated the large mass of lymphoid tissue 
which is designated the pharyngeal tonsil. The pharynx is greater 
in its lateral than in its anteroposterior diameter, the greatest breadth 
being just above the soft palate. 

The Nasophaxynx. 

The nasopharynx extending from the vault to the lower border 
of the soft palate is an open cavity, the lateral, superior and posterior 
walls of which are rigid. The choanae or posterior nares are two oblong 
spaces taking the place of practically the whole of the anterior wall. 
The vault or fornix of the pharynx forms the roof of the cavity and is 
occupied in part by the pharyngeal tonsil. 

The Pharyngeal Tonsil, composed of lymphoid tissue, varies ex- 
tremely in size and shape. It may consist simply of a few small eleva- 
tions scarcely noticeable to the naked eye, or it may be a large pendant 
mass filling the greater part of the nasopharyngeal cavity. In shape 
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it may be a more or less distmct rounded elevation, planed directly in 
the middle of the vault just beliiml the upper level of the clioausB aud 
the upper part of the nasal septum, or it may be diffused, spi-eading 
from tlie vault out into the fot^sa of Kosenmiiller, downward on the 
posterior pharyngeal wall, and latterly to the lateral folds. 

On each side of the pharyngeal tonsil, and at about the level of 
tJie posterior end of the inferior turbinal is the pharyngeal orifice of 




Fig. 58. 

Modiiin Hcutiun through face af tui udult uiun, showing the normal 
relBtioDS of tbo structures duriiig quiet r&sal respiratiua. 

1, FroulaJ biuub; 2. Anterior paJata] pillar; 3, Posterior pidatnJ pillar; 
4, Splicnuid siiius; 5, Pusterlur cdgu of nasal septum; 6, Fossa of Kosen- 
miiller; 7, Plmrjiigeal tonsil; 8, Ostium of EuBtachiHu Iul>e; 9, Dotlrd line 
■honing contour ot thir tongiie; 10, Salpingojiharjiigeal fold; 11, Plica 
triangulnris; 12, Palatal tonsil; 13, Lateral phnrvngiml fold; 14, Kjii- 
glottis; IS, Ventricular bund; 36, Vocal cord. 



the Eustachian tube. The opening is quite large, funnel-shaped, with 
a small end of the fuiinui directed towards tlie tympanum. Above and 
behind the opening ia the Eustachian prominence, consisting of a 
rounded ridge fornitHJ by the projection of the Eustachian cartilage. 
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The anterior margin of llie opening is nincli less prominent than the 
posterior and this fact helps greatly in the introduction of the Eu- 
stachian catheter. Extending downward from the posterior margin 
of the Eustachian tube is a fold of mucous membrane, the salpingo- 
pharyngeal fold, which is gradually lost in the lateral wall of the 
pharynx, or it may be continuous with the lateral pharyngeal fold. A 
somewhat similar ridge, but much less marked, is the salpingopalatine 
fold which runs from the anterior border of the Eustachian orifice 
downward and forward to the palate. Contraction of the levator palati 




FijT. 30. 

Ucdinn section tlirouah tlie fac^c of iiii infant oik! month old, showing 
the rclationB of tlie Btructurca (iuniiR quiet naaal respiration. 

J, Superior tnriiiniLtc; 2. MJdille turbinate; 3, Inferior turbinate; 4, 
Anterior palatal pillar; 5, liody of aplienoiii l)one; 6, Eustachian tube; 
7, Pharjiiigeal tonail; R, Posterior palatal pillar; i>, Dotted line showing 
contour of the tongue; 10, Pliea triangularis; 11, Epiglottis; 12, Ventricular 
band; 13, Vocal cerd. 

muscle produces an elevation known as the levator cushion which 
presses to a greater or less extent against the lower border of the 
Eustachian orifice. Behind the Eustachian prominence is a wedge- 
shaped depression called the fossa of Rosenmiiller, or the lateral recess 
of the pharynx. This depression gradually disappears on the lateral 
wall of the pharynx at about the level of the soft palate. It tends to 
accentuate the Eustaeliian prominence and the salpingopharyngeal 
fold. In the middle of the vault of the pharynx is a sinus running up 
behind the pharyngeal tonsil. This sinus is called the bursa pliaryngea, 
and is supposed by some to be the remnant of the lower portion of the 
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pouch of Ratlike. It is, liowever, simply an ooclusion sinus formed by 
the adhesion of folds of the pharyngeal tonsil. 

The vault of the pharynx receives its blood supply chiefly from 
the pharyngeal branch of the vidian artery. The branches of this 
artery anastomose with the ascending; pharjiigeal, and the pharyngeal 
branch of the pterygopalatine. The pterygopalatine is a branch of the 
internal maxillary, while the ascending pharyngeal comes directly from 
the external carotid. The veins follow roughly the course of their cor- 
responding arteries and open into the pterygoid plexus which is situ- 
ated partly on tlie inner surface of the internal pterygoid muscle, and 




Transversa sMtioti thiough tlie Lend uf n, cluld one mouth old, just 
in front of the post^Tior pharynseal wiJl. The ncek hiia been twistfd ho 
that the larynx ia tlirown snniewh'it to tUo left. Illustration sliows the rela- 
tion of the epiglottis to the uvula. 

1, Pharynefal tunsil; 2, Nasii! soiitum; 3, Umla; 4, E[.iglottis; 5, 
Trachea. 



partly around the external pterygoid muscle. The pterygoid plexus 
empties posteriorly into the internal maxillary vein and anteriorly into 
tlie deep facial vein. 

The lymphatic drainage of the vault of tlie jiharynx is through a 
rather close mesh of lymph vessels, which drain either into the retro- 
pharyngeal lymph gland, or into the posterior or external group of the 
deep lateral chain, the vessels passing posteriorly to the large vessels 
of the neck, and behind the rectus capitis anticus muscle. 

The nerve supply of tlie pharyngeal vault is derived from the 
pharyngeal branches of Meckel's ganglion. 
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The Oropharynx. 

The division between the nasopharynx and oropharynx is a very 
friovable one consisting of the free edge of the soft palate. The upper 
surface of the soft palate forms an anteroinferior wall to the naso- 
I)harynx, wliile the inferior surface is directed towards the mouth. In 
the infant the lower border of the soft palate reaches almost to the 
epiglottis, but in the adult there is more space between the epiglottis 
and the palate which is filled in by the dorsum of the tongue. The an- 
terior wall of the oropharynx is, therefore, made up of the uvula, pha- 
ryngeal portion of the dorsum of the tongue and the epiglottis. The 
lateral diameter is about twice the anteroposterior diameter, but both 
of these distances are constantly changing, according to the action of 
the palatal and pharyngeal muscles. The lateral wall of the oro- 
pharynx generally presents a more or less marked perpendicular ridge 
of lymphoid tissue, sometimes spoken of as the lateral pharyngeal fold. 

Palatal or Faucial Tonsil. — Tlie palatal tonsil, more generally 
spoken of as the fiiucial but less correctly so, is situated in a fossa be- 
tween the anterior and posterior palatal or faucial pillars. Both in 
size and shape, the tonsil varies extraordinarily. To understand this 
variation we must study the development of the organ. Probably the 
first recognizable sign of the faucial tonsil is to be found in the embryo 
at four months. At five months thei*e is a distinct vertical groove 
about 2 mm. in height, at the bottom of which a small mass of adenoid 
tissue has already developed and in this mass minute slit-like impres- 
sions can be found. In the embryo at eight months the form of the 
tonsil is fairly constant. At this time the tonsil does not project be- 
yond the surface and is covered anteriorly by a fold called the plica 
triangularis or operculum. This fold divides a little above its middle 
into two distinct branches, one running anteriorly to the tongue form- 
ing a fold called the plica pretonsillaris, and another running poste- 
riorly passing round the base of the tonsil anlage called the plica infra- 
tonsillaris. The space bounded by these two folds above, and by the 
tongue below, is called the fossa triangularis. The upper part 
of the plica triangularis is contiimed above the tonsil nntil it 
meets the posterior pillar of the fauces and in this position is 
called the plica sujjratonsillaris. At this time the tonsillar mass 
is irregularly divided into three lobes by two fissures, running 
from below and behind upward and forward. The lower and middle 
are merged into one another in front and the upper and middle less dis- 
tinctly so behind. At the junction of the two lower the plica triangu- 
laris becomes adherent to the tonsillar mass, and in this way a recess 
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is formed above and slightly to tlie front of the superior convolution 
which later develops into the supratonsilUir fossa. In the majority of 
children at birtli this typical condition can be recognized only with 
difficulty, as the tonsil is already beginning to take on the irregularity 
of growth which is one of its characteristic features. After birth the 
development of the tonsil is very irregular, and its final shajw and size 
depend upon the position and amount of adenoid tissue present. In 




Fig. ei. 
Tlie reeion of the imliiUil tonsil. 
1, SupratoDSLlloT foasn; 2, Uvula; S, Posterior pulatal iilllar; 4, Bpi- 
glutlis; 5, riicu BLiprn,tan9illii.ris ; G, Duttcd lino siiowiiig tlie aubaurface extent 
of the toiiail ; 7, Antcriur palutal iiillar made pronitiiciit by traction on 
the tongue; 8, Plicu triangularis; i>, Cut surface of tuiigiio, traction Iwing 
niaJo dowiiivurd. 



the majority of cases the greatest amount of development takes place 
in the hiwor two lobes. These by Ihcir growtli project outward and 
finally hide from view tlie suijerior lobe wliich can be found only by 
looking deep into the supratoiisillar fossa. If the adenoid tissue de- 
velops in the supratonsillnr margin, a distinct tonsillar mass will be 
found in the palate, and its growth downward leaves a fistidous tract 
running upward from the hiluni of the tonsil. The plica triangularis 
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may remain rudimentary in which ease it can scarcely be seen, or it 
may develop so as to cover to a greater or less extent the anterior 
portion of the tonsillar mass. In those cases in which the development 
involves chiefly the superior lobe the supratonsillar fossa becomes al- 
most obliterated. The vagaries of the growth of adenoid tissue in the 
various parts of the tonsil determine the shape and size of the tonsillar 
mass. 

The tonsil is separated from the surrounding structures by a dis- 
tinct fibrous capsule. This capsule surrounds the tonsil on all sides 
except the mesial free surface. At the front it runs inward beneath the 
plica triangularis over the surface of the tonsil almost to the line where 
the plica merges into the tonsillar mass. Behind it terminates at the 
free edge of the posterior pillars, above it reaches to the supratonsillar 
margin, but below it does not come quite to the surface epithelium, as 
there is very apt to be a thick lymphoid deposit just below the tonsil. 
The capsule sends strong fibrous trabecule into the substance of the 
tonsil which carry the blood vessels, lymphatics and nerves. An im- 
portant peculiaritj^ of the operculum or plica triangularis is that in the 
fully developed tonsil it is attachod firmly to the tonsillar mass only 
close to its very edge, and can be readily separated from the capsule 
which covers the front of the tonsil. 

The crypts are ingrowths of the surface epithelium, their lumina 
being formed by the desquamation of a central core. These crypts vary 
both in number and in size but they generally run deep into the ade- 
noid mass, terminating usually close to the capsule, and they may com- 
municate more or less with each other. They are as a rule larger and 
more numerous in the upper part of the tonsil. In the usual type of 
tonsil the growth of the two lower lobes forms a deep pocket close to 
the capsule, with its opening in the supratonsillar fossa. This pocket 
is not in the true sense of the word a crypt, but is rather an inclusion 
recess similar to that which forms in the palate from overgrowth of 
the supratonsillar margin. 

The tonsil is surrounded externally by the pharyngeal aponeu- 
rosis which is rather loosely associated with the capsule. Ex- 
ternal to this is the superior constrictor muscle of the pharynx. Still 
further externally is the buccopharyngeal fascia, a thin and in places 
ill defined layer which surrounds the constrictors of the pharynx and 
the outer surface of the buccinator muscle. Immediately beyond this 
rather thin covering, the tonsil is in relation with a space filled with 
loose fatty areolar tissue. The outer wall of this space is formed by 
the internal pterygoid muscle; its posterior wall by the prevertebral 
muscles and the internal wall by the pharynx. This triangular space 
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is irregularly divided into two smaller spaces by the stylopharyngeus 
muscle, and external to this by the stj'loglossus muscle. The faueial 
tonsil is in relation with the anterior of these two divisions, while the 
internal carotid artery is placed well back in the posterior division. 
The internal carotid is never closer than 1.5 cm. from the wall and 
the pharynx is more or less separated from it by the interposition of 
the stylopharyngeus muscle. The e\ternil eaiotid arterv lies about 2 
cm. from the lateral wall of the pharynx and his interposed between 
it and the tonsil a portion of the piiotid gHnd and the \\hole of the 




Fig. fi2. 
Dissection of the region of tlio pfilaWl tonsil from the outsido. 
1, OapBulo of palatal tonsil; 2, Facial artery; 3, Hypoglossol nervo; 
4, Superior thyroid artery; 5, Tonaillar brnnph of fucial artery; 6, Occipital 
lu^ery; 7, Internal carotid artcrj'; S, Lingnnl nrtpry; 9, External carotid 
ftrtery; 10, Spiniil necessory nen-e; 11, Common earotid nrtcry; 12, Do- 
Bcondens hypoglosat nerve; IH, Pneumogiisf ric nerve. 



musculature of the styloid process. It must be remembered, however, 
that the outer surface of an enlarged and embedded tonsil is not in 
the same plane as the pliaiyngeal wall, and it thus may come in much 
closer relation to the large blood vessels in the neck than the above 
description would lead one to suppose, l-'ur therm ore, the facial artery 
quite frequently, after branching from the external carotid, has a de- 
cided upward bend before it sweeps outward to pass around the ramus 
of the jaw. AVhen this upper bending i.s marked, the loop of the artery 
thus formed comes in close relation to the inferior portion of the ton- 
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sil, making it possible to wound this artery during operations on the 
tonsils. The only muscle intervening between it and the tonsil is the 
superior constrictor. The two carotid arteries, however, are separated 
from the tonsil by the stylopharyngeus and the styloglossus. 

The blood supply of the tonsil comes chiefly through the tonsillar 
branch of the facial artery. The lower part of the tonsil, however, 
may be supplied from a branch of the lingual, sometimes coming from 
the dorsalis linguae, and sometimes from the main lingual trunk. Oc- 
casionally the palatine branch of the ascending pharyngeal supplies 
the posterior upper part. The internal maxillary also contributes to 
the blood supply of the tonsil through a small branch coming from the 
posterior or descending palatine. The division from the facial gener- 
ally breaks up into two or three branches which penetrate the capsule 
and which again break up into numerous branches before entering the 
tonsil with the trabeculte. Sometimes almost a plexus of arteries is 
formed in the outer layers of the capsule by the anastomoses of the 
supplying blood vessels. 

The nerve supply of the tonsil is through a special branch of the 
glossopharyngeal, which, uniting with branches from the pharyngeal 
plexus forms what might be called a small tonsillar plexus. 

Pillars and Lateral and Posterior Walls. — The anterior palatal 
pillar or anterior pillar of the fauces is a fold caused by the prom- 
inence of the palatoglossal muscle, while the posterior pala- 
tal pillar, or posterior pillar of the fauces, is formed by the 
palatopharyngeal muscle. Behind the posterior palatal pillars on 
each side of the pharynx is found a more or less well-marked mass of 
lymphoid tissue, longitudinal in shape, generally spoken of as the 
lateral fold of the pharynx. This longitudinal elevation appears to be 
a continuance downward of the salpingopharyngeal fold, its promi- 
nence, however, is due not to a prominent muscle but to the lymphoid 
tissue, which according to Cortes at times resembles the structures of 
the faucial tonsil, possessing crypts and other of its peculiar histologic 
characteristics. On the posterior pharjmgeal wall we fmd a varying 
number of isolated patches of lymphoid tissue, spoken of as lymphoid 
follicles. These small lymphoid structures are more numerous in the 
upper part of the throat, and seem to be an irregular downward ex- 
tension of the pharyngeal tonsil. 

The Laryngopharynx. 

The laryngeal portion of the pharynx, or the laryngopharynx, ex- 
tends from the epiglottis down behind the larynx to the level of the 
sixth cervical vertebra. This corresponds about to the lower border 
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of the cricoid cartilage. Below the arytenoid cartilages the walls of 
the laryngopharynx are in apposition except during the act of swal- 
lowing. In front of the epiglottis and on the base of the tongue is an 
accumulation of lymphoid tissue called the lingual tonsil. The varia- 
tion in size and shape of the lingual tonsil is very marked. Generally 
it is scarcely more than a rather close aggregation of separate nodes, 
giving simply a roughened appearance to the base of the tongue. Some- 
times, however, it develops in two lateral masses which may be so large 
as to be more or less pendulous. 

Below the lingual tonsil there are two depressions, the bottom of 
which represents the junction of the epiglottic mucous membrane with 
that of the tongue. These depressions are called valleculae. The val- 
leculaB are separated l?y a distinct fold of mucous membrane, the median 
glossoepiglottic fold, or as it is sometimes called the frenum of the epi- 
glottis. Each is boundo<l externally l)y another fold of mucous mem- 
brane, the lateral glossoepiglottic fold. 

The pyriform sinuses are deep depressions somewhat boat-shaped, 
elongated in a vertical direction, placed on each side of the upper part 
of the larynx between the ala of tlio thyroid cartilage and the thyro- 
hyoid meml)rane on the outside, and the arytenoepiglottic fold on the 
inside. They are bounde<l anteriorly by the lateral glossoepiglottic 
folds, and posteriorly pass gradually down into the laryngopharynx. 

The blood sujiply of the laryngopharynx is derived solely from the 
external carotid, and chiefly tlirougli tlie ascending jiharyngeal 
branch. Other contributory branches are the ascending palatine branch 
of the facial, and the tonsillar branch of the facial, also the posterior 
palatine and pterygopalatine branches of the internal maxillary, and 
sometimes a few twigs from the lingual. The smaller veins from the 
pharynx pass into a pharyngeal i)lexus which may be found between 
the buccopharyngeal aponeurosis and the constrictors. This plexus 
anastomoses with the pteiygoid plexus above, and empties below 
either into the internal jugular or into the facial vein. 

Lymphatics of the Pharynx. 

The lymphatics of the pharynx consist of a network beneath the 
pharyngeal epithelium and the superficial layer of the mucous cutis. 
This network is 2)robably most marked on the posterior surface of the 
larynx and in the pyriform sinuses; it is also very rich in the pharyn- 
geal tonsil but very scanty near the esophageal opening. A less im- 
I)ortant network is found in the nuiscular tissue. 

The superior collecting trunks generally pass first to the retro- 
pharyngeal lymph glands. They may, however, pass by these glands 
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and terminate in the deep cervical lymphatics, and accordinjj: to Poirer, 
into the anterior j?roup, but accordino^ to the researches of the author, 
both anatomic and clinical, they terminate in the posterior group. 

The middle collecting trunks drain the mucous membrane of the 
tonsillar region. These vessels perforate the muscular coat just above 
the great comu of the hyoid bone, and terminate in the anterior glands 
of the internal jugular gi'oup near the posterior belly of the digastric 
muscle. 

The inferior collecting trunks drain the lower part of the pharynx 
running under the mucous membrane, and tend to converge in the 
pyriform sinuses. They here unite with the superior lymphatics of 
the ]arynx and with them end in the glands of the internal jugular 
group just below the digastric muscle. 

The lymph vessels of the soft palate arc very numerous, forming 
a fine network which is more or less continuous witli that of the neigh- 
boring structures. This network is richest in the uvula. There are 
separate collecting trunks from the superior and inferior surfaces and 
from the faucial pillars. The collecting trunks from the superior sur- 
face are more or less united with the collectors from the nasal fossa? 
which may be divided into ascending tiiinks and descending trunks. 
The former pass around the pharynx and terminate in the retrojiharyn- 
geal lymph glands; the others pass down through the posterior pillars 
and terminate in the internal jugular glands near the digastric muscle. 
The collecting trunks from the inferior surface run downward through 
the anterior pillars and joining the collectors from the vault of the 
palate terminate in the internal jugular glands near the digastric 
muscle. The collectors of the anterior pillar unite with those from the 
inferior surface, and the collectors from the posterior pillar with the 
descending trunks of the superior surface. Occasionally some of the 
lymphatic vessels from the posterior pillars terminate in the glands 
of the internal jugular group as high up as the bifurcation of the 
carotids. 

Nerves of the Pharynx. 

The nerves of the pharynx, both motor and sensory, come mainly 
from the pharyngeal plexus. This plexus which lies just beneath the 
mucous membrane is formed by branches from the glossopharyngeal, 
from the pneumogastric and from the superior cervical ganglion of 
the sympathetic. The pharyngeal branch of the pneumogastric is 
really derived from the accessoiy portion of the spinal accessory. The 
faucial tonsil receives a branch directly from the glossopharyngeal, 
while the surrounding region and the soft palate are supplied by the 
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posterior and external palatine branches of Meckel's ganglion. The 
vault of the pharynx and the structures around the orifice of the Eu- 
stachian tube are supplied by the pharyngeal branch of Meckel's 
ganglion. The mucous membrane on the external posterior wall of 
the larynx is supplied by the superior laryngeal nerve. 

The Structure of the Pharyngeal Wall. 

Surrounding the mucous membrane of the pharynx is a distinct 
layer of connective tissue, the pharyngeal aponeurosis. This fascia 
varies in thickness being usually strongest where the muscular wall of 
the pharynx is weakest; and it gradually thins out as the lower end 
of the pharynx is approached. Above it blends with the periosteum 
at the base of the skull, and is attached to the Eustachian tubes, the 
margins of the posterior nares and to other portions of the skull from 
which the pharyngeal constrictors arise. At the sinuses of Morgagni, 
that crescentic space between the base of the skull and the upper bor- 
der of the superior constrictor, the fascia is very strongly developed. 
Externally, the pharyngeal aponeurosis is intimately associated with 
the constrictors, and forms the capsule of the faucial tonsil. 

The muscular wall of the pharynx is made up of two strata, the 
internal or circular layer consisting of the three constrictors, and an 
external, or more properly longitudinal layer, consisting of fibres 
from the stylopharyngeus and from the palatoi^haryngeus muscles. 
The three constrictor nuiscles appear as modified cones, the middle 
overlapping the superior, and the inferior overlapping the middle. 

The Superior Constrictor Muscle arises from the lower half of the 
posterior border of the internal pterygoid plate, below this from the 
pterygomandibular ligament and from the internal surface of the man- 
dible just back of the last molar tooth. It is also attached anteriorly to 
the mucous membrane of the floor of the mouth. The upper fibers of the 
nmscle curve upward and are inserted into the pharyngeal spine of 
the occipital bone. This arching of the upper fibers forms a crescentic 
interval in the pharyngeal wall called the sinus of Morgagni. Through 
this opening pass the Eustachian tube and the levator and tensor palati 
muscles. The middle and inferior fibres of the superior constrictor 
pass posteriorly, radiating upward and downward to be inserted into 
the median raphe on the posterior wall of the pharynx. The lower 
fibres are overlapped by the middle constrictor. 

The Middle Constrictor Muscle, somewhat smaller than the supe- 
rior, arises from the stylohyoid ligaments and from both the small 
and great cornua of the hyoid bone. Its fibres, radiating upward and 
downward, pass posteriorly to be inserted into the median raphe of 
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the pharynx. The lower fibres are overlapi)ed by the upper fibres of 
the inferior. The internal laryngeal artery and nerve pass through 
the interval between the superior and middle constrictors. 

The Inferior Constrictor Muscle arises from the oblique line of the 
thyroid cartilage and from the sides of the cricoid. Its fibres radiat- 
ing mostly upward, pass posteriorly to be inserted into the median 
pharyngeal raphe. The lower fibres blend with the musculature of 
the upper end of the esophagus. At the lower edge of the muscle the 
external laryngeal artery and nerve come into relation with the larynx. 

The longitudinal muscular fibres of the pharynx are made up of 
two distinct muscles, the palatopharyngous and the stylopharyngeus. 

The Palatophar3aigeus Muscle forms the posterior faucial pillar. 
It is composed of two layers, a thin posterior superior sheet spread- 
ing through the substance of the soft palate, and a thicker anteroin- 
ferior layer which arises from the posterior l)order of the hard palate. 
These two layers partially envelop the azygos uvulae and levator 
palati muscles. They unite at the lower edge of the soft palate where 
they receive additional fibres from the Eustachian tube and passing 
downward, spread out in a thin sheet in the wall of the pharynx. The 
posterior fibres, under cover of the middle and inferior constrictors, 
are inserted into the aponeurosis of the pharynx and some fibres 
decussate with those of its fellow of the opposite side. The anterior 
fibres are inserted into the posterior border of the thyroid cartilage 
and anteriorly merge into the stylopharyngeus. 

The Stylopharjnigeus Muscle arises from the base of the styloid 
process. Passing downward and forward between the two carotid ar- 
teries it penetrates the pharyngeal wall between the superior and middle 
constrictors. It is inserted by a broad base into the superior and poste- 
rior border of the thyroid cartilage, its fibres being here continuous 
with the palatopharyngeus. It is also inserted into the pharyngeal 
aponeurosis. 

The soft palate and uvula may be considered as the anterior wall 
of the pharynx. They are made up of a muscular fold covered by mu- 
cous membrane. 

The muscles which constitute the soft palate consist of five pairs 
— the palatopharyngeus (already described), the palatoglossus, the 
azygos uvula;, the levator palati and the tensor palati. 

The PaJatoglossus Muscle is placed directly beneath the mucous 
membrane of the tongue, the anterior i:)alatal pillar, and the anterior 
surface of the palate. It is a thin sheet of muscular fibres which arise 
from the under surface of the soft palate, some of its fibres blending 
with those of its fellow of the opposite, and passes downward to form 
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tlie anterior pillar of the fauces. It is inserted into the sides of the 
tongue, am! blends with the styloglossus and deep transverse fibres of 
the tongue. 

The Azygos Uvulae Muscle is found between the layers of the 
palatophnryngc'us antl arises from the posterior nasal spine and tlio 
aponeurosis of the soft palate. The two narrow l)uiidles unite as they 
proceed downward to the tip of the uvula. 




Didst'clioii almwiHg tlio rclulion nf tho tensor paJatJ and Ibi' li'valor 
piilnti mum^loa. Tho levator ia ciit permitting tlic soft palnle to bu di-aivn 
forward . 

], EiiHUkChian cartilage; 2, Tensor palati nmselt'; 3, Levator iiolatt 
muscle ; 4, Ilamulat procesB ; 5, Intprnst pterygoid musrle ; tS, Middle 
conBtrictor of plmrvnx ; 7, Piwlorior palalal pillar; 8, Sphenoid siniis; 9, 
Middle turbinate; 10, Inferior turbinato; 11, Tcudcm of tensor pnlnli mua- 
cle; 12, Insertion at levalor pulati muscle; 13, Ciit edce of vtluni pal.ili; 14, 
Paifttal tonsil; 15, Section of tongue. 



The Levator Palati Muscle arises from the inferior surface of the 
apox of tlie potnms hone close to the carotid canal. Its fibres forming 
a rounded belly, run jiarallei to and in close approximation with the 
under surface of tiie Eustachian tube, to which, however, it is not at- 
tached. It is inserted in a radiating manner into the soft palate below 
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the ostium of the tube. The action of this muscle on the Eustachian 
tube is not exactly understood. The contraction of the muscle by in- 
creasing its circumference tends to raise the floor of the tube which, 
by decreasing the perpendicular width of the lumen of the tube, in- 
creases the horizontal, and this probably increases the patulency of 
the tube. 

The Tensor Palati Muscle is the real abductor or dilator tubae. It 
arises in part from the scaphoid fossa of the internal pterygoid plate 
and the alar spine of the sphenoid bone, and in part from the outer sur- 
face, or the hook-like border of the cartilaginous wall, and the membran- 
ous part of the Eustachian cartilage. Running downward so as to form 
an acute angle w4tli the cartilaginous portion of the tube, the muscle 
descends between the internal pterygoid muscle and the internal ptery- 
goid plate. It terniinatos by a rounded tendon which passes around 
the hook of the hamular process and is inserted beneath the levator 
palati into tlie posterior border of the hard palate, as well as the apo- 
neurosis of the soft i)alate. Tlie action of this muscle, by pulling on 
the cartilaginous hook of the Eustachian tube, tends to slightly unfold 
it, which action increases tlie lumen of the tube. 

The nen'c supply to the musculature of the pharynx is chiefly 
through the si)inal accessory by way of the pharyngeal plexus. This 
plexus supplies the constrictors of the pharynx, the palatoglossus, the 
palatopharyngeus, the azygos uvuhe, and the levator palati. The ten- 
sor palati is supplied from the otic ganglion, the stylopharyngeus by 
the glossopharyngeal nerve, and the inferior constrictors receive 
branches from the vagus through the external and recurrent laryngeal 
nerves. 

THE LARYNX. 

The larynx should l)e looked upon as the upper part of the trachea, 
especially modified for the production of the voice sound. Its con- 
struction is such as to permit the instant approximation and adjust- 
ment of two elastic bands, the vocal cords. These may be thrown into 
the required vibrations by a column of air forced up through the tra- 
chea. To accomplish this inirpose numerous joints, ligaments and 
muscles are necessary. By reason of the beauty and perfection of the 
arrangement of these various structures the larynx is one of the most 
interesting organs of the body to the anatomist. It is situated in the 
median line of the neck just in front of the esophagus, and is very 
loosely attached to the surrounding structures. On each side poste- 
riorly are the large vessels of the neck, and above are the hyoid bone 
and tongue. 
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The interior of the larynx opens into the lower portion of the 
pharynx just back of and below the base of the tongue. The aditus 
laryngis is obliquely placed facing upward and backward. It is bor- 
dered above by the epiglottis, on each side by the arytenoepiglottic 
folds, and posteriorly by the raucous membrane covering, the carti- 
lages of AVrisberg (cuneiform cartilages) and of Santorini (cornicula 
laryngis). These cartilages surmount the arj^tenoid cartilages and 
follow their movements. 

The interior of the larynx is divided into three parts by the false 
and true vocal cords (ventricular and vocal bands). 

Superior Division. 

The superior division of the larjmgeal cavity is compressed later- 
ally where the ventricular bands or false cords separate it from the 
middle division. The anterior wall is formed in greater part by the pos- 
terior surface of the epiglottis. The upper part of the posterior sur- 
face of the epiglottis is concave except the tip which is turned slightly 
forward. Below, the ei^iglottis shows a distinct swelling, the cushion 
of the epiglottis. This swelling corresponds in position to the thyro- 
epiglottic ligament. The lateral walls are smooth except for two slight 
vertical elevations, the anterior being due to the cuneiform cartilage 
and the posterior to the anterior margin of the arytenoid cartilage and 
the cartilage of Santorini. The shallow grove between these eleva- 
tions is called the pliiltrum ventriculi of Merkel. The anterior of 
these elevations runs to the posterior end of the false vocal cords while 
the posterior passes downward to the true cords. The narrow pos- 
terior wall is formed by the interarytenoid fold and varies in breadth 
according to the degree of approximation of the arytenoid cartilages. 

The Ventricular Bands, or false cords, form a partial floor of the 
superior division of the larynx. In front they arise from the angle 
between the two wings of the thyroid cartilage, and they reach back- 
ward only to the swelling on the lateral wall caused by the cuneiform 
cartilages. They are never in apposition and they never obscure the 
margin of the true vocal cords from view. The chief support of this 
fold of mucous membrane is the thin superior thyroarytenoid ligament 
and a few muscle fibres. The distance in the adult male larynx from 
the ventricular band to the summit of the arytenoid cartilages is about 
one-half inch and to the tip of the epiglottis one and a half inches. 

Middle Division. 

The middle division of the larvnx is limited above bv the false 
cords and below by the true. On eacli side and covered by the ven- 
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tricular bands is the laryngeal sinus or ventricle of Morgagni. Its 
cavity is somewhat larger than its opening and it reaches from the an- 
terior angle of the alae of the thyroid cartilage back to the anterior 
border of the arytenoid cartilage. This ventricle of Morgagni is ex- 
tremely variable both in shape and size. It may consist simply of a 
single broad pocket extending upward between the ventricular band 
and the ala of the thyroid cartilage or it may be a branched structure 
with a varying number of terminal crypts. Occasionally there exists 
a short branch directed downward from the main pocket. The walls 
of the sinus contain quite a large deposit of lymphoid tissue and fre- 
quently if not always definite germinating follicles are present so that 
the whole structure is very similar to a large tonsillar crypt. The 
upward extension of the sinus is quite commonly spoken of as the 
laryngeal saccule and it does not usually extend upward beyond the 
border of the thyroid cartilage, thougli in rare instances it may reach 
to the posterior part of the hyoid bone. 

The True Vocal Cords are shorter but more prominent than the 
false and extend from the angle formed by the aLne of the thyroid to 
the vocal processes of the arytenoid cartilages. In cross section the 
cord is prismatic with the free edge pointing upward, as well as to- 
ward the median line. In front, the cords meet and forai the anterior 
commissure. Posteriorly, they end at the vocal processes of the aryt- 
enoid cartilages, but their surface lines are continued over the median 
side of the arytenoid cartilages, joining posteriorly to form the poste- 
rior commissure. Tlie true cords with the opening between them con- 
stitute the true glottis, or rima glottidis which is generally designated 
the glottis. 

Inferior Division. 

The inferior division of the larynx is somewhat flattened laterally 
above and below where its walls slope outward and downward from 
the vocal cords. Its walls are in greater part made up by the inner 
surface of the cricothyroid ligament. 

Cartilages of the Larjrnx. 

The Cricoid Cartilage is the lowest and is placed directly on top 
of the trachea. It is shaped somewhat like a signet ring, with the signet 
part or posterior lamina projecting from the upper side and the upper 
edge sloping rather gradually downward and forward to form the ante- 
rior circle. The ring is circular below corresponding to the shape of the 
trachea, but above it is somewhat laterally compressed. On top of the 
posterior lamina are two oval convex facets which look somewhat out- 
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ward as well as upward. They are the articulating surfaces for the aryt- 
enoid cartilages and are separated by a faint median notch. On the 
posterior surface are two depressed areas for the attachment of the 
posterior cricoarytenoid muscles. On the posterior part of the lateral 
surface of the cricoid, a vertical ridge runs downward from the aryte- 
noid articulation. On this ridge, just above the lower border of the 
cartilage, is a circular facet for articulation with the inferior horn of 
the thyroid cartilage. Tlie inner surface of the cricoid is smooth. 

The Arytenoid Cartilages, two in number, are perched on the ante- 
rior part of tlie summit of the i)osterior lamina of the cricoid. They 
are irregularly pyramidal in shape and have three surfaces and a base. 
When the cartilages are in ])osition for phonation one surface faces 
directly toward the median lino, anotlier iH)steriorly and the third out- 
ward and foi*ward. Tlie ])ostorior and anteroexternal surfaces are 
somewhat concave, slightly triangular, narrowed vertically and fairly 
even. A small sesamoid cartilage is frequently found invested by the 
perichondrium on the external l)order of the arytenoid cartilage. The 
apex is directed upward, but is curved slightly inward and backward. 
There are two important i)rocesses, one the external inferior angle 
called the processus museularis, and the other the anterior inferior 
angle called the processus vocalis. 

The Thyroid Cartilage makes up the greater part of the frame- 
work of the larynx. It consists essentially of two large alae joined to- 
gether in front, but separated i)osteriorly by the interposition of the 
posterior lamina of tlie cricoid and of the two arytenoid cartilages. 
The anterior junction involves only the lower two-thirds of the whole 
height of the ala*, leaving a well-marked notch in the median line. At 
the bottom of this notch, the thyroid cartilage forms the most anterior 
portion of the larynx, and the prominence due to its projection is 
called the pomum Adami. There is great variation in the angle of the 
junction of the two cartilages. In infants it is more of a curve than an 
angle, while the average for the adult male is about 90° and for the adult 
female almost 120°. The superior border of the ala is convex upward, 
while the lower border is almost straight. The posterior free edge 
of each ala is prolonged upward almost to the liyoid bone, form- 
ing the superior cornu and downward to tlie articulation facet on 
the side of the cricoid forming the inferior cornu. On the exter- 
nal surface of each ala somewhat posterior to its middle is a 
ridge running diagonally from above, l)ehind, downward and forward. 
It is usually si)oken of as the oblique line and begins above at a prom- 
inence just below the sui)erior border of the ala called the superior 
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tubercle. It ends on the inferior border in another prominence called 
the inferior tubercle. 

The Epiglottic Cartilage is a thin lamina of yellow elastic carti- 
lage shaped somewhat like a broad and warped paddle, with its handle 
below terminating in the strong thyroepiglottic ligament. Its surface 
is irregularly indented by depressions and there are numerous perfo- 
rations running through the cartilage. Its upper end is free, rising 
just behind the base of the tongue. 

The Lesser Cartilages of the larynx are six in number. The two 
cartilagines triticeae are small nodules situated just above the superior 
cornu of the thyroid cartilage in the lateral thyrohyoid ligament. The 
cartilages of Santorini or the corniculate cartilages, two in number, 
are perched on the apices of the arytenoid cartilages and are enclosed 
in the posterior part of the arytenoepiglottic fold of mucous membrane. 
In this same fold, immediately external to the cartilages of Santorini, 
are the cartilages of Wrisberg or the cuneiform cartilages. They are 
inconstant structures but generally present. 

Articulations and Ligaments of the Larynx. 

The laryngeal joints with their ligaments form one of the most 
interesting anatomic features of the larynx. 

Joints. — The cricothyroid joints are diarthrodial with a pivotal 
and also a gliding movement. The circular facets on the internal sur- 
face of the inferior coniu of the thyroid cartilage are bound fast by a 
capsular ligament to the corresponding slightly elevated circular facets 
on the sides of the cricoid cartilage. The posterior part of the capsular 
ligament is strengthened by a ligamentous thickening. The cricoaryte- 
noid joints are more complicated but are also diarthrodial. They, too, 
possess a pivotal movement as well as a lateral gliding motion, and, ac- 
cording to some authorities, a slight anteroposterior rocking motion. 
The articular facet of the cricoid is convex while that of the arytenoid 
is concave. Both articular surfaces are elliptical and they never accu- 
rately coincide with one another. There is a distinct capsular ligament 
which is strengthened posteriorly by a i)rominent band, which limits 
the anterior rocking motion or displacement of the arytenoid cartilage. 
The lateral gliding motion of this joint, permits the two arytenoid car- 
tilages to approach one another or separate, thus closing or opening the 
posterior third of the glottic chink. The pivotal movement allows the 
vocal process to move toward or away from the median line causing 
adduction or abduction of the vocal cords. 

There are two important membranes in the larynx, the cricothy- 
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roid and the thyrohyoid. These lie in the intervals between the carti- 
lages as their names designate. 

The Oricothjnroid Membrane is an important structure and con- 
sists of three portions; two lateral divisions and a central. These di- 
visions are all attached below to the upper border of the arch of the 
cricoid cartilage. Their upper attachments, however, are very dif- 
ferent. The central portion which is somewhat triangular in shape, 
is strong, tense, and elastic. The base is attached to the upper border 
of the anterior part of the cricoid arch and the narrowed top to the 
lower border of the thyroid cartilage. The lateral portions form the 
side walls of the subglottic part of the larynx and are lined internally 
only with mucous membrane. They arise below from the upper border 
of the cricoid cartilage and passing internally to the alae of the thyroid 
find their upper termination in the whole of the length of the inferior 
thyroarytenoid ligaments, the supporting band of the true cords. In 
front, the thyrohyoid membrane is also attached to the inner surface 
of the thyroid alaj near the notch, and behind to the vocal processes of 
the arytenoid cartilages. The lateral cricoaiytenoid and thyroaryte- 
noid muscles lie directly on the outer surface of the lateral part of 
the cricothyroid membrane. 

The Thjnrohyoid Membrane is attached along tlie upper border of 
the thyroid cartilage and to the internal surface of the liyoid bone. Its 
central or anterior portion is thick and elastic and forms the median 
thyrohyoid ligament. This ligament is attached below to the thyroid 
notch and above to the upper margin of the posterior surface of the 
hyoid bone. Where the ligament passes behind the bone a bursa is 
generally found separating the two. Posteriorly the hyoid membrane 
terminates in a strong cord-like ligament: the lateral thyrohyoid liga- 
ment. This ligament runs from the tip of the great cornu of the hyoid 
bone to the extremity of the superior cornu of the thyroid cartilage. 
It contains the small cartilago tritieea. The inner surface of the thyro- 
hyoid membrane is covered by the mucous membrane of the pharynx, 
while the epiglottis is separated from the median thyrohyoid ligament 
by a cushion of fat. 

There are two thyroarytenoid ligaments, the inferior and supe- 
rior. 

The Inferior Thyroarjrtenoid Ligament is really the thickened up- 
per border of the lateral parts of the cricothyroid membrane. It is 
the supporting ligament of the true vocal cords and is attached ante- 
riorly to the middle of the thyroid angle close to its fellow, while pos- 
teriorly it blends with the vocal process of the arytenoid cartilage. 
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This ligament contains numerous yellow clastic fibres and sometimes 
near its anterior end a small nodule of elastic cartilage. 

The Superior Thyroarytenoid Ligament is a much less important 
structure and while thinner and weaker is longer than the inferior. 
It supports the ventricular hands. It is attached anteriorly to the thy- 
roid angle just above the inferior and posteriorly to a small tubercle 
on the anterior surface of the arytenoid just above tiie processus vo- 
cnlis. There are a few elastic fibres in it but it is mostly composed of 
fibrous tissue, which is more or less continuous with the supporting 
fibres of the arytcnoepiglottic fold. 

Ligaments of the Epiglottis.— The epiglottis is fastened to the 
Imdy of the hyoid bone by an irregular broad elastic band, the hyoepi- 
glottio ligament. From the inferior narrowed end of the epiglottis a 




Fig. 64. 
Tho laternl external aurface of the laryni. 
1, Superior cornu of Ihyroid; 2, Posterior lamina of cricoid; 3, Inferior 
cornu of thyroid; 4, Strengthening l>aiid of capsular lijjajnent; 5, First 
ring of the trachea; 6, Ala of thyroid; 7, Superior tubercle of thyroid; 8, 
Oblique line of thyroid; 9, Central part of ericothyroid mombranei 10, 
Oblique portion of cricothyroid muscle; 11, Horizontal portion of the crico- 
thyroid muscle. 

strong thick ligament, composed of elastic tissue, the thyroepiglottic 
ligament, runs to the posterior surface of the thyroid angle just below 
the notch. Besides these two true ligaments the epiglottis is fastened 
to the tongue by three folds of mucous membrane, the median and two 
lateral glossoepiglottic folds. These have already been described. 

The Muscles of the Larynx, 

Under this head will be described only those muscles which have 
both their origin and insertion in some part of the larynx itself. While 
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some of them are contained eiitirelj' within tlie cavity bounded by the 
ala of the thyroid, the cricothyroid, the ar>'tenoid and the posterior 
cricoai-ytenoid are on tlie external surface of the larynx proper. 

The Cricothjrroid Muscle arises from the anterior surface of the 
cricoid arch and the lower adjoining border and radiating upward and 
backward usually separates more or less distinctly into two divisions. 
The anterior of these divisions crosses the cricothyroid interval more 
perpendicularly tlian the posterior and is inserted into the lower edge 
and the neighboring inner surface of the ala of the thyroid. The pos- 




Fif;. 65. 
The muscles of llie liiiyncml wall on tlio posterior aspect. 
1, Arytenoepislotlk- niuscle; 2, Cartilaije of Santorini; 3, Arytenoiileus 
oliliquus muscle: 4, Arvtcnoidpiis tranHvorsus muscio; .'!, Criponrytpnoideus 
posticus muscle; 6, Kjiicioltis: 7, Retrohyoid liursn; S, Thyrohyoid muscle; 
0, Thyroepiglottic muscle: 10, Thyroid' cartilnpe; 11. Thyroar>1enoi<leuB 
muscle; 12, Cricoarj-tenoideus laternlis muscle; 1.1, Articular facet for 
inferior ciiriiua of IhjToid; 14, Cricoid cartilage. 

terior division is inserted into the anterior aspect of the inferior comu 
of the thyroid. The cricothyroid is sometimes ratlier closely asso- 
ciated witli the inferior constrictor of the pharynx. 

The Posterior Cricoarytenoid Muscle arises by a broad base from 
a depre.ssion which coveis almost the entire luilf of the posterior sur- 
face of the cricoid lamina. Its fibres, converging as they ascend in a 
slightly lateral direction, are inserted into the posterior surface of 
the muscular process of the arytenoid. 

The Arytenoid Muscle consists of two parts, a superficial oblique 
layer and a deep transverse layer. 
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The oblique arytenoid is a paired muscle, one muscle crossing the 
other in the median line on the posterior aspect of the lannix. Each 
muscle consists of a narrow bundle which arises from the posterior 
side of the muscular process of the arytenoid and, runninu: obliquely 
upward, passes around the outer side of the summit of the opposite 
arj'tenoid cartilage. Some of the fibres are heiH? inserted into the aryt- 
enoid but many continue upward into the arj'tenoepiglottic fohl, as 
the arytenoepiglottic muscle, and are joined near the ej)iglottis by 
fibres from the thyroepiglottic muscle. 

The transverse arytenoid is a transverse sheet of muscle beneath 
the oblique, stretching between the posterior aspect of the outer bor- 
der of each arj^tenoid cartilage. Some of the fibres are apparently 
continuous with the fibres of the thvroarvtenoid. 

The Lateral Cricoaiytenoid is somewhat smaller than the i^oste- 
rior. It springs by a ratlier broad base from about the middle third 
of the upper border of the lateral i)art of the cricoid arch and also 
from the neighboring part of the cricothyroid moml)rane. Its fibres 
running backward and ui)ward converge to bo inserted into the front 
of the muscular process of the arytenoid cartilage. 

The Thjnroarytenoid Muscle consists of two parts, an external and 
an internal, which, however, are closely blended. A large i)art of the 
lower border of this muscle is closely associated witli the ui)i)er border 
of the lateral cricoaiytenoid. 

The External Thjo^oarytenoid Muscle is a broad sheet just within 
the ala of the thyroid cartilage and spreads from the ui)i)er surface of 
the lateral cricoaiytenoid to above the level of the vocal cord. It ariH(»R 
in front from the lower half of the thyroid ala close to the angle and 
also from a portion of the lateral cricothyroid membrane. Its fibres 
running backward parallel with the vocal cord are insert(»d for the 
greater part into the muscular process of the arytenoid cartilage*. A 
few fibres pass around this cartilage and are continuous with the trans 
verse fibres of the arytenoid. 

The Thyroepiglottic Muscle is really an ofT-shoot from the upper 
border of the external thyroarytenoid which turns upward to be in- 
serted into the upper part of the arytenoepiglottic fold and the free 
margin of the epiglottis. 

The Internal Thyroaiytenoid Muscle is triangular in crosH Mic- 
tion and closely associated with the vocal cord. It aris(»K from the 
thyroid angle in front and is inserted first by several muscular slips 
into the vocal cord itself and second into the out(?r side of the vocal 
process and adjoining outc*r surface of the arytenoid cartilage. 



78 OPERATIVE SURGERY OF THE NOSE, THROAT, AND BAB. 

The portion of tlie muscle which is inserted into the cord is some- 
times spoken of as the aryvocalis muscle. 

The Action of the Muscles of the larynx is concerned both with the 
movement of the vocal cords and the closure of the upper laryngeal 
aperture. 

The cricothyroid acts as a tensor of the vocal cords by tilting the 
thyroid cartilage downward and fonvard {oblique fibres) and by pull- 
ing the cartilage as a whole slightly forward (transverse fibres). As 
the arytenoids are prevented from riding forward on the top of the 
cricoid lamina, this forward tilting of the thyroid cartilage must put 
tension on the vocal cords. In opposition to this action of the crico- 
thyroid, the thyroarytenoid relaxes the vocal cords by approximating 
the angle of the thyroid cartilage with the arytenoid cartilage. While 





Fig. 6G. 
Din{;rniiis illiisl rating cloafd and open {;loltia. 
1, Tlivroicl cartilajrc: 2. Tliyriiarj-lpiioidPiia inttrnus; .1, Cricoarjienoi- 
ili^iiH lateralis; 4, Arj'tennii] cartila^rc; 5, CriiMinrjtpnoiilcus posticus; 6, 
Ari-lenoideiiB transvcrmia ; 7, Cricoid partilago ; 8, Tliyroid fartilRKC ; 
fl, ThyrnarytCTioiilpufi intrrnuB; 10, Crii^onrytenoidouB iHtcroliB; 11, Aryte- 
noid cartilaRB ; ] 2, Criconrytcnoidcus posticus ; 13, ArytcnoideuH trans- 
vertiiiH; 14; Cricoid rartilago. 

the thyroarytenoid, as a whole, relaxes the wliole vocal cord, it is prob- 
able that the falsetto voice results from a partial contraction of the in- 
ternal thyroarytenoid by relaxin*!; only a portion of the cord while the 
cricothyroid makes the remaining part of the cord tense, the tense 
jtortion oidy being capable of vibration. The jiosterior cricoarytenoid 
muscle by rotatinjf the arytenoid cartilage so that the vocal process 
turns outward, i.s the abductor of the cords while the lateral cricoaryte- 
noid muscle by rotating it in tlie opposite direction becomes the ad- 
ductor of the cords. 

Tlie transverse arytenoid muscles bring the central sides of the 
arytenoid cartilages together and thus complete the closure of the 
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glottic chink after the vocal cords proper have been approximated by 
the inward rotation of the arytenoid cartilage. 

The closure of the superior laryngeal aperture during swallow- 
ing is accomplished chiefly by the oblique portion of the arytenoid act- 
ing in concert with the arytenoepiglottic muscles. The transverse 
arytenoid with the thyroarytenoid muscles probably aid in the closure 
by approximating the arytenoid cartilages and compressing the sides 
of the larynx at about the position of the false vocal cords. The su- 
perior aperture when closed presents a **T" shaped fissure with the 
top of the '*T" approximately parallel with the transverse axis of the 
epiglottis and the stem running between the two arytenoid bodies. 
The muscles therefore which affect this closure must be looked upon 
in efl^ect as true sphincters. 

The Nerve Supply of the Larynx. 

The nerves supplying the larynx are two in number, and both are 
branches of the pneumogastric or vagus. 

The Superior Laryngeal Nerve leaves the vagus liigh up in the 
neck, and passes obliquely downward and forward on the inner side of 
the internal and external carotid arteries. On approaching the larynx, 
it divides into two unequal parts, a larger internal, and a smaller ex- 
ternal branch. 

The Internal Laryngeal Nerve passes between the middle and in- 
ferior pharyngeal constrictors and reaches the interior of the larynx 
by penetrating the thyrohyoid membrane. Sensation is supplied by 
this nerve to the mucous membrane of the larynx from the epiglottis 
down to the upper part of the trachea. This nerve probably also con- 
tains vasomotor and secretory fibres, which it supplies to the whole of 
the laryngeal mucous membrane. 

The External Larjmgeal Nerve runs downward on the external 
surface of the inferior constrictor, ending at the cricothyroid muscle 
which it supplies. Branches are sent to the inferior constrictor muscle 
and probably, a few motor twigs pass to the arytenoid. 

The Recurrent or Inferior Larjmgeal Nerve leaves the pneumo- 
gastric in the lower part of the neck, and turns upward to supply all 
of the intrinsic muscles of the larynx except the cricothyroid, and 
part of the arytenoid. 

THE LYMPHATIC SYSTEM OF THE NECK. 

The cervical lymphatic nodes are divided into two main groups, 
the superficial or collecting nodes and the deep or terminal nodes. The 
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superficial group is arranged as a sort of a collar around the upper 
part of the neck with a few irregular extensions. This perieervdcal 
circle is composed of the following subgroups: 

1. Suboccipital group and aberrant glands of the nape of the neck. 

2. Mastoid group. 

3. Parotid and subparotid group. 

4. Submaxillary group Avitli the facial glands as an off-shoot. 

5. Submental group. 

6. Retropharyngeal group. 

The Suboccipital Group of glands are rather inconstant struc- 
tures varying from one to three in number and usually are placed on 
the occipital insertion of the com])lexus muscle just external to the ex- 
ternal border of the trapezius. They receive the lymph vessels from the 
back of the head and their effenait vessels terminate in the highest 
nodes of the substeniomastoid grou]). 

The Ma.stoid Group or retroauricular glands, generally two in num- 
ber, lie on the mastoid insertion of the sternomastoid. These glands 
receive their affen^nt v(»ssels from the temporal portion of the hairy 
scalp, from the internal surface^ of the auricle exci^pt the lobule and 
from the posterior surface of the external auditory meatus. They 
empty into the highest glands of the deep lateral chain. 

The Parotid Group consists of glands in the i)arotid space either 
external to the glands, the superficial nodes, or in the actual substance 
of the i)arotid, the deep nodes. The deeper parotid nodes are scat- 
tered throughout the substance of the i)arotid but for the most part 
are grouped around the external carotid artery. They are quite nu- 
merous though some are very small and can be seen only by the micro- 
scope. These glands receive afferent vessels from the external surface 
of the auricle, from the external auditory meatus, from the tympanum, 
from the skin of the tem])oral and frontal regions and ]>ossibly also 
from the eyelids and base of the nose. It is possible that at times 
they drain the nasal fossae also and the i)osterior part of the alveolar 
border of the superior maxilla. The afferents run into the upper sub- 
steniomastoid glands near the exit of the external jugular vein from 
the parotid. 

The Subparotid Glands belong in reality to the parotid group but 
are placed beneath the parotid, between it and the pharyngeal wall in 
the lateropharyngeal space. Suppurative inflammation of these glands 
gives rise to lateral jjliaryngeal abscesses. Their afferents come from 
the nasal fossae, from the nasopharynx and from the Eustachian, while 
their effcrents pass to the upper glands of the deep cervical chain. 
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The Submaxillary Group consists of from three to six nodes situ- 
ated along the lengtli of, and immediately beneath, the lower border 
of the mandible. The largest of the group is generally found near the 
facial artery. These glands are just beneath the fascia and are more 
or less intimately associated with the upper border of the submaxil- 
lary salivary gland. Their aflferent vessels come from the external 
nose, the cheek, from the upper and the external part of the lower lip, 
from practically the whole of the gums and from the anterior third of 
the sides of the tongue. The eflforent vessels running over the surface 
of the submaxillary salivary glands empty generally into the glands 
of the deep cervical chain near the bifurcation of the common carotid. 
They may at times pass to glands further down the chain. 

The Facial Glands are small inconstant structures found in the 
course of the afferent vessels loading to the submaxillarv nodes. Thev 
generally form three groups. The inferior or supramaxillary rest on 
the jaw just in front of the massoter muscle. Occasionally there is a 
gland immediately on the edge of the jaw at this position called the 
inframaxillary gland. A less frequent group of glands is the middle 
or buccinator group on the external surface of the buccinator mus- 
cle. All of these buccinator glands lie outside of the buccal fascia. 
There may, however, be a subfascial gland or a submucous gland. The 
third group is still less constant and is situated just to one side of the 
nose. 

The Submental Group consisting of from one to four glands are 
found in the triangle bounded bv the anterior bellies of the two di- 
gastric muscles and the liyoid bone. The afferent vessels of this group 
are from the skin of the chin from the centre portion of the lower lip 
and from the mucous membrane covering the external portion of the 
alveolus, from the floor of the mouth and from the tip of the tongue. 
The efferent vessels run either to the submaxillary gland or directly 
downward to a node of the deep cervical chain situated on the internal 
jugular vein just above where it is crossed by the omohyoid. 

The Retropharyngeal Group consisting generally of two glands is 
placed back of the i)osterior pharyngeal wall near its outer edge being 
almost 2 cm. from the median line. These glands are separated from the 
atlas by the rectus capitis anticus major muscle and are in rather close 
relation externally with the sheath of the great vessels of the neck. 
Suppurative inflammation of the nodes leads to retropharyngeal ab- 
scess. In this case the abscess starts laterally but being limited ex- 
ternally by the fascia covering the vessels enlarges medianward. Oc- 
casionally there are small inconstant nodes back of the })haryngeal 
wall almost in the median line. The retropharyngeal glands receive 
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their afferents from the mucous membrane of the nasal fossae and ac- 
cessory sinuses, from the nasopharynx including the pharyngeal ton- 
sil, from the region of the Eustachian tube and possibly from a part 
of the tympanic cavity. It must be said, however, that the retrophar- 
yngeal lymphatic glands are only intermpting nodes placed on the col- 
lecting lymphatics as they pass from the upper part of the back of the 
throat to the posterior group of the deep cervical chain. The afferent 
lymph vessels of the retropharyngeal lymph glands follow the same 
general course as those efferents which come directly from the poste- 
rior pharyngeal wall and pass behind the great vessels of the neck to 
reach the posterior edge of the stemomastoid muscle, and empty into 
the upper nodes of the posterior group of the deep cervical chain. 




Fig. 67. 
Dissection sliowiiin tlie iipiMir deep eenicnl Ijiiiph nodes. 
], Mnsseter museic: 2, Facial arterj; 3, Sul>nia.\iUary g;laii(1; 4, Hypo- 
rIobshI nerve; 5, Dicastric {posterior Iwlly) (uid rtj-lohyoiil muscles; 6, 
Anterior group of tlie deep cervical lymph nodes; 7, Facial nerve; 8, 
External ju^lar lynipli node; 0, Sternomaatnid muscle; 10, Posterior group 
of the deep cervical li-mpli noilet); 11, Spinal accessory nerve; 12, Stemo- 
mastoid artery; 13, Internal jugular vein. 



The Descending Cervical chain of lymph nodes consists of two sets 
of glands, the deep cervical chain and several more or less important 
secondary and more superficial cliains. The deep glands situated on 
each side of the neck comprise from tifteen to thirty nodes on an aver- 
age, although these figures do not represent the extremes of variation. 
This group of glands is variously termed the carotid chain, the sub- 
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stemomastoid group, or the deep lateral glands of the neck, and may 
theoretically and clinically be divided into two groups, although ana- 
tomically they are closely associated. They extend from just beneath 
the ear downward under the sternocleidomastoid muscle, generally 
only as far as the point where the omohyoid crosses the vessels and 
nerves, but occasionally reaching as far as the junction of the internal 
jugular and subclavian vein. The more superficial division of the deep 
lateral chain lies posteriorly and is called the external group. The 
external glands are generally small, and placed in part beneath the 
posterior border of the sternocleidomastoid, and occasionally extend so 
far down the anterior border of the trapezius muscle as to come into 
rather close relation with the supraclavicular glands. They rest rather 
irregularly distributed, on the external surface of the splenius, levator 
anguli scapulae, cervical plexus and the spinal accessoiT nerve. 

The anterior or deep division of the main group is placed directly 
over the great vessels of the neck, and is termed the internal jugular 
group. These nodes are situated beneath the anterior border of the 
sternocleidomastoid muscle, and when enlarged may be forced anteri- 
orly until some of them appear inunodiatoly below the angle of the jaw. 
One or two large glands are constantly found below the posterior belly 
of the digastric, just above the spot where the thyrolingual-facial vein 
opens into the internal jugular. These nodes receive lymphatics from 
the tongue while immediately above the digastric is a large node which 
drains the tonsil and surrounding region. A few glands are sometimes 
found between the internal jugular and the prevertebral muscles. 

The Accessory or Superficial Descending Cervical chain consists 
of four groups, the external jugular chain, the superficial anterior cer- 
vical chain, the deep anterior eerv^ical chain, and the recurrent chain. 

The External Jugular Chain consists usually of two or three 
nodes resting on the external surface of the stemomastoid just below 
the parotid gland. Occasionally one or two nodes are found further 
down along the course of the veins. Their afferent vessels come from 
the auricle and parotid region and their efferent vessels terminate in 
the upper nodes of the deep cervical chain. It is claimed that some- 
times an efferent vessel from these glands may follow along the course 
of the external jugular vein and empty into the supraclavicular glands. 

The Superficial Anterior Cervical Chain consists of two or three 
inconstant nodes on the anterior jugular vein. 

The Deep Anterior Cervical Chain may be divided into three dis- 
tinct groups : the prelaryngeal, the prethyroid and pretracheal. 

The prelaryngeal group consists of one, two or three inconstant 
glands most frequently found in the triangular space bounded by the 
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two cricothyroid muscles. When present their afferents come from 
the middle Ijonphatic pedicle of the larynx. Their eflferents may run 
either to the pretracheal nodes or to the lower nodes of the deep lateral 
chain. 

The prethyroid glands are usually absent. 

The pretracheal group is usually present and consists of one or 
more very small nodes. Their afferents come from the thyroid body 
and the prelaryngeal nodes and their efferents terminate in the lower 
nodes of the deep lateral chain. 

The Recurrent Chain consists of from three to six minute nodes 
along the course of the recurrent larj^ngeal nerves. Their afferent ves- 
sels come from the inferior pedicle of the larjoix, from the neighbor- 
ing region of the trachea and esophagus and a part of the thyroid body. 
It is important to remember that the efferent vessels of tliis chain 
terminate in the inferior nodes of the deep lateral chain instead of pro- 
ceeding downward to the mediastinal glands. It is, however, possible 
that occasionally an efferent from these nodes passes directly to the 
superclavicular glands. 

The Supraclavicular Group of lymph glands occupies the supra- 
clavicular or subclavian triangle. These glands are generally very 
numerous and are imbedded in the adipose tissue found in this triangle 
the so-called ^^fettpolster'' of Merkle. In the upper part of the triangle 
they are just beneath the superficial cervical fascia and rest on the 
splenius, levator anguli scapulae and scalenus muscles. Also they 
hold important surgical relations Avith some of the lower branches of 
the cervical plexus which supi)ly the trapezius and with the ascending 
cervical arteiy. The more inferior glands of this group are in greater 
part placed in front of the middle layer of cervical fascia lying very 
close to the terminal subfascial i)ortion of the external jugular and 
descending branches of the cervical plexus. Some nodes more deeply 
placed are found behind the omohyoid and the middle layer of cervical 
of the subclavian. 

The majority of authors place this chain of glands as an auxiliary 
fascia being just in front of the brachial plexus and the third portion 
group of the deep cenncal chain, but my own researches have led me 
to believe that the supraclavicular nodes rarely show any anastomosis 
with any of the cervical lymph nodes. This is a most important ana- 
tomic feature because a direct connection between these nodes and the 
cer\'ical lymi)h glands would establish the necessaiy link in the lym- 
phatic chain from the tonsils to the apex of the lung. 

The afferents of the supraclavicular glands come, first from the 
posterior part of the scalj) and from the muscles of the neck, second 
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from the skin of the pectoral region, third from the skin of the arm 
over the cephalic vein, fourth from the humeral chain of the axillary 
group of glands, and fifth (doubted by some authors) from the parietal 
pleura covering the apex of each lung. The efferent vessel of the 
supraclavicular glands generally empties into the jugular trunk. 

The jugular lymphatic trunk, the terminal vessel of the deep lateral 
chain, usually terminates on the right side in the angle of junction of 
the internal jugular and subclavian veins. On the left side it most 
frequently terminates in the thoracic duct. 

TOPOGRAPHIC ANATOMY OF THE ANTERIOR CERVICAL 

TRIANGLE. 

Viewed from the side, the neck is divided by the sternocleido- 
mastoid muscle into two triangles, an anterior, and a posterior triangle. 
The anterior cervical triangle is subdivided into a digastric (submaxil- 
lary), a carotid (superior carotid) and a muscular (inferior carotid) 
triangle by the digastric and omohyoid muscles, while the posterior 
triangle is divided by the posterior belly of the omohyoid Into the 
occipital and supraclavicular triangles. 

The skin of the neck is loosely attached and the creases and folds 
formed by the flexion of the head as a rule inin from above and behind 
obliquely forw^ard and downward. It is important to remember the 
direction of these folds as incisions hoal with less deformity when 
made either in the fold itself or parallel with its course. In the lower 
part of the neck the folds run more transverse, and the incision should 
then be less oblique following the direction of the skin fissures. 

Beneath the skin is the supei'ficial fascia. This fascia is continu- 
ous with that of the head and chest, and contains the superficial nerves 
and blood vessels, none of which, however, have any great surgical 
importance. 

Between the superficial fascia and the deep fascia is placed the 
platysma myoides muscle. This muscle is a thin sheet covering the 
anterior part of the side of the neck, arising from the deep fascia of 
the pectoral region and from the clavicle. Its fibres extend upward and 
slightly fonvard. The greater part of the muscle is inserted into the 
lower border of the jaw but some of the fibres are continuous with 
the depressor labii inferioris, the depressor anguli oris, and the risorius. 
The anterior fibres meet across the middle line just below the chin. 

Just beneath the posterior part of the platysma is the external 
jugular vein. The line of this vein is from the angle of the jaw to the 
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middle of the clavicle. It is foniicd by the junction of the posterior 
auricular vein with the posterior branch of the temporomaxillary vein. 
It passes downward external to the deep fascia, crossing obliquely over 
the stcmomastoid muscle, and pierces the deep fascia in the anterior 
part of the subclavian triangle. It crosses in front of the third part 
of the subclavian artery and empties into the subclavian vein. 

Almost immediately posterior to the vein running parallel with its 
upper part will be found the great auricular nerve. This non'e is the 




Tig. 68. 
Superficial dissection of the earotid triangle. 
1, Massctcr musele ; 2, Facial artery ; 3, Suhnuucillary gland ; 4, HypogloB- 
saJ tierve: .'i, Anterior grrrap of the deep cen-ical lymph nodes; 6, Superior 
thyroid artery; 7, Facial dpt\o; S, Posterior auricular arleri-; 9, External 
jugular lymph node; 10, Posterior belly of the digastric muHcla; 11, 
Stemomastoid muscle; 12, Posterior group of the deeip Mr\ical lymph uodM; 
1.3, Spinal accessory nerve. 



largest of the superficial, or cutaneous branches of the cervical plexus. 
It pierces the deep cervical fascia just above the middle of the posterior 
border of the stemomastoid muscle and ascends in close relation with 
the external jugular vein. Immediately beneath the ear it divides 
into three branches; the anterior or facial branch which supplies the 
skin over the parotid gland and anastomoses in the substance of this 
gland with the facial nerve; the auricular brancli, which supplies both 
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sides of the lower part of tlie pinna; and the mastoid branch, which 
supplies the skin of the scalp behind the ear. Above the auricularis 
magnus, the small occipital nerve, a branch of the cervdcal plexus passes 
upward along the posterior border of the sternomastoid. Just below 
the great auricular nerve the superficial cervical nerve pierces the 
deep fascia and passes forward and transvei'sely over the sternomas- 
toid and beneath the external jugular vein. 

The deep fascia of the neck invests all the muscles and forms 
aponeurotic coverings for the esophagus, pharynx and trachea, cap- 
sules for the salivarj^ glands, and sheaths for the larger blood vessels. 
This fascia is attached behind to the ligamentum nuchae and the spinal 
process of the seventh cervical vertebra. A superficial layer passes 
forward, enveloping the trapezius muscle and uniting in front of the 
muscle, it crosses over the posterior triangle of the neck to envelop 
the sternomastoid muscle. Above it is attached to the mastoid process 
and the superior curved line of the occipital bone and below to the clav- 
icle. From the anterior edge of the sternomastoid muscle it continues 
forward to the median line of the nock in a single layer. In the front 
part of the neck the upj^er attachment is to the lower border of the 
jaw, the styloid process, and the hyoid bone. 

Below, near the sternum, it divides into two layers, an anterior and 
a posterior which are attached respectively to the anterior and pos- 
terior edges of the upper portion of the sternum. The interval thus 
formed (the space of Gruber) contains fat, the sternal head of the 
sternomastoid and the anterior jugular veins. 

Just below the mastoid process a superficial layer of the deep 
fascia is continued over the parotid gland and the masse ter muscle as 
the parotid and masseteric fascia, and is attached to the lower border 
of the zygoma. 

From the deep fascia processes extend between the various struc- 
tures of the neck. At the angle of the jaw^ it becomes thickened and 
forms the stylomandibular ligament, which extends from the tip of the 
styloid process to the posterior border of the angle of the mandible. 
Other thickenings of this fascia form the pterygospinous ligament 
and the stylohyoid ligament. This latter ligament runs from the tip 
of the styloid process to the lesser comu of the hyoid bone. 

Two main processes are given off from the deep fascia, a posterior 
and an anterior. The posterior process, or prevertebral fascia, arises 
at the anterior border of the trapezius muscle, and covers the numer- 
ous muscles of the back of the neck, the brachial plexus, the phrenic 
and cervical sympathetic nerves and passes inward behind the large 
vessels, the pharynx and the esophagus to meet its fellow of the other 
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side. It is attached above to the base of the skull and below to the first 
rib as far forward as the anterior border of the anterior scalenus muscle. 
It also passes down into the chest over the longus colli muscle and the 
bodies of the vertebrae. It fonns the sheath of the subclavian and axil- 
lary vessels by a process beginning just outside of the anterior scalenus 
muscle. In conjunction with the anterior process it fonns the sheath 
of the carotid artery and internal jugular vein. 

The anterior process, or pretracheal fascia, passes inward and for- 
ward from the anterior border of the stemomastoid just in front of 
the trachea, and envelops the thyroid gland. It is attached below to 
the first rib. 

The deep cervical fascia surrounding the trachea and the great 
vessels follows these structures down into the chest where it is con- 
tinuous with the fibrous layer of the pericardium. The prevertebral 
and the pretracheal fasciae divide the neck into three compartments. 
The anterior compartment contains the anterior belly of the omohyoid, 
the sternothyroid and the sternohyoid muscles. The middle contains 
the pharynx, esophagus, trachea and the thyroid gland; Avhile the pos- 
terior contains the vertebral column, the upper vertebral muscles, the 
scalene muscles, the levator anguli scapula^, and the whole musculature 
of the back of the neck w^ith the exception of the trapezius. 

The most important compartment foimed by the deep cervical 
fascia is the visceral compartment. This compartment is bounded an- 
teriorly by the i)retracheal fascia, posteriorly l)y the prevertebral fascia 
and laterally by the fascia forming the sheath of the deep blood vessels. 
It extends from the base of the skull downward into the posterior 
mediastinum. In front it runs from the hyoid bone into the anterior 
part of the superior mediastinum. 

The Sternocleidomastoid Muscle is the most prominent muscular 
landmark of the neck. It forms a distinct ridge of swelling, running 
from the mastoid process dow^nw^ard and forward across the side of 
the neck to the region of the sternoclavicular articulation. It has two 
heads, one, the sternal head, a narrow tendinous structure which arises 
from the anterior surface of the manubrium of the sternum, and a cla- 
vicular head, broader and only partly tendinous, which arises from the 
upper surface of the inner third of the clavicle. It is inserted by a 
rather broad attachment into the outer surface of the mastoid process, 
and into the adjoining portion of the superior curved line of the occip- 
ital bone. Its anatomic relations are very important. Its anterior 
border, beginning above, is the superficial landmark for the location 
of the facial and spinal accessory nerves and of all the structures which 
occupy the carotid triangle, such as the jugular and adjoining lymph 



SUKGICAL ANATOMY OF THE PHARYNX, LARYNX, AND NECK. 89 

nodes of the upper deep cervical chain, the internal jugular vein, the 
carotid arteries and the various branches of the external carotid, and, 
if they are desired to be approached near their origin, tlie hypoglossal, 
the pneumogastric, the sympathetic, and the glossopharyngeal nerves. 
Lower down, its anterior border is the landmark for the common car- 
otid and internal jugular veins, the descendens hypoglossi, and the su- 
perior and recurrent laryngeal nerves. The anterior part of the upper 
extremity of the muscle is covered by the parotid gland. About one- 
fourth of the way down its anterior border, the sternocleidomastoid 
muscle covers the posterior belly of the digastric muscle as it passes 
upward and backward to its insertion into the mastoid process. 

The Submaxillary Salivary Gland is situated just beneath the hori- 
zontal ramus of the mandible near the angle and is partially covered 
by it. It occupies a triangular space which is bounded externally and 
above by the inner surface of the mandible, externally and below by 
the skin and fascia as they pass from the edge of the jaw to the neck, 
and internally by the mylohyoid muscle. The posterior part of the 
gland also rests internally on the hyoglossus, the posterior belly of the 
digastric and the stylohyoid muscles. It is crossed externally by the 
facial vein, while the facial artery passes through a groove on its ex- 
ternal inferior surface. The posterior end of the gland which is really 
the most bulky portion very often reaches to the anterior edge of the 
stemomastoid muscle. Along its upper border just beneath the lower 
edge of the jaw, the submaxillary lymph nodes are sometimes very 
closely associated with its capsule, so that in malignant disease with 
metastasis to the submaxillary lymph nodes it is probably best to re- 
move the salivary gland, as well as the lymph nodes in order to be sure 
that the disease is eradicated. The submaxillary or AVharton's duct 
leaves the gland from the anterior end and is often accompanied by a 
tongue-like prolongation of the glandular tissue. 

The Digastric Muscle consists of two bellies, a posterior and an 
anterior. The posterior belly arises from the digastric groove on the 
internal surface of the mastoid process. It runs forward and down- 
ward, passing through the stylohyoid muscle, where it becomes ten- 
dinous. This tendon is attached to the upper surface of the hyoid bone 
by a pulley-like band from the cervical fascia. The tendon passes on 
through this pulley and becoming fleshy, forms the anterior belly, which 
is inserted into the lower border of the lower jaw close to the symphysis. 

The Stylohyoid Muscle arises from the base of the styloid process 
of the temporal bone, and after enclosing the digastric, is inserted into 
the body of the hyoid bone. Its course is almost parallel with that of 
the digastric. These two muscles form the posterior inferior boundary 
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of the submaxillary triangle, ami arc important landmarks for the 
deeper stnietures. Superticial to them will be fonnd the anterior 
division of the temporomaxillary vein, the facial vein, and their com- 
mon trunk as it paasem downward and inward to join the internal jug- 
ular. 

Facial Nerve. — In this position, it is well to bear in mind the rela- 
tion of tlie sninamandibuUir and iuframandibular branches of the facial 
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DiHseatiou of llie jwa uiiseriiius uf tbe fiiciid nerve. Tlie dotted line 
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1, Parotid glimd: 2, TeniporofB<;inl Oivision; S, Cerricofauial (tivision; 
4, Btyluhj'oid atii] digaatrit? branches; 5, Ljinpli uudes of the upper deep 
cerviMl f[roup; 6, Temporal liraneh; 7, Malar hrnneli; 8, Iiifmorliital 
broiieh; 9, Branches tu parotid gland; 10, Ducnal brant^h; 11, SupmniDnilib- 
ular braafh ; 12, Facial artery; 13, Infraniandibnlar limneh. 

nerve. These nen-es generally come from a common stem, the cervico- 
facial. The inframandihular branch ]iasses down from beneath the in- 
ferior edge of the parotid gland to supply the iihvtysma myoides, and to 
form a communication with the superficial cervical neiTS of the cervical 
plexus. From its superficial position, this ner\'e is almost bound to 
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be cut in the operations on this region. Fortunately, the results are of 
little consequence. The supramandibular branch, emerging from be- 
neath the parotid gland, slightly in front of the inframandibular 
branch, sweeps forward and downward to the inferior edge of the 
mandible, follows this to the anterior border of the masseter muscle, 
and turning slightly upward supplies the depressor anguli oris, the 
depressor labii inferioris, and the orbicularis oris. The position of 




Fig. 70. 
Deep ilidiieptiott of tlin carotid triangle. 
1, Parotid glanJ; 2, Infrnmiimliliular liranch of fxfial nerve; 3, Sterno- 
mastoid muscle reflected; 4, Spinal accessory nerve; 5, Hypo|c1og8a1 nerve; 
6, Internal carotid artery ; 7, Kxternal carotid artery ; 8, Descendens hypo- 
glossi 1 9, Common carotid artery ; 10, Internal jn^lur vein ; 1 1, Supramandib- 
ular branch of facial nerve; 12, Posterior helly of ilifnistric muscle; 13, 
Stylohyoid muscle; H, Facial vein; 15, Facial artery; Ifi, Anterior division 
of temporomaxillary vein; 17, Sulimaxillary salivnry fjland; IS, Anterior 
belly of digastric niuRcle; 19, Lini^ual vein; 20, Temporofacial vein; £1, 
Internal laryngeal nerie; 22, Superior lliyroid artery. 



this branch of the nerve is somewhat variable, and occasionally, just 
after it emerges from the parotid gland, its course is so far down as to 
make it very open to injury in removing the lymph nodes at the angle 
of the jaw. Cutting of this nerve is deplorable as it paralyzes one-half 
of the lower Up. 
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Internal Jugular Vein. — At about this depth it is important to re- 
member the position and relation of the large veins in the neck. The 
internal jugular vein which is a continuation of the lateral sinus, begins 
above by a dilation called the bulb which occupies the posterior com- 
partment of the jugular foramen. It runs obliquely downward and 
forward, terminating behind the clavicle near the sternum where it 
unites with the subclavian vein to form the innominate. At first it is 
behind the internal carotid artery, but gradually passes around as it 
descends until finally it is on the outer side of the carotid artery. In the 
lower part of the neck it sometimes overlaps it in front. The right 
vein is not very closely associated with the artery at the base of the 
neck, whilst the left vein is almost in front of the carotid artery on 
that side. An important tributary to this vein is the common facial 
vein. This latter vein is fonned by the union of the facial vein and 
the anterior division of the temporomaxillaiy vein. The common 
facial vein crosses over the external carotid arteiy generally a little 
below the posterior belly of the digastric muscle and frequently has 
to be ligated and cut to expose the external carotid near its base. 
Sometimes the common facial vein gives off at the anterior edge of 
the stemomastoid a branch which may be quite large and which runs 
along the anterior border of the stemomastoid to the suprasternal 
fossa where it joins the anterior jugular vein. The internal jugular 
vein occupies the connective tissue slieatli in coninion with the carotid 
arteries and the pneumogastric nerve. 

The Hypoglossal Nerve leaves the skull through the anterior con- 
dyloid foramen. It arches downward and forward passing to the outer 
side of both the internal and external carotid arteries and internal to 
the posterior belly of the digastric and the stylohyoid muscles. As it 
crosses the internal carotid artery it passes below and around the oc- 
cipital artery. In its course this nerve communicates with the pharyn- 
geal branch of the vagus, and sends a small branch to the thyrohyoid 
muscle. It passes forward beneath the stylohyoid muscle and external 
to the hyoglossus muscle just above the liyoid bone. In this position 
it is an important landmark for an approach to the lingual artery. The 
lingual branches of this nerve are distributed to the hyoglossus, the 
geniohyoid and the geniohyoglossus muscles and i)ractically to all the 
intrinsic muscles of the tongue. The descendens hypoglossi, a rather 
large branch of the hypoglossal, descends along the external surface 
of the carotid sheath, though sometimes it occupies the interior of the 
sheath and forms with a branch from the second and third cervical 
nen-es the ansa hypoglossi. Branches from this plexus run to the omo- 
hyoid, the steiTiothyroid and the sternohyoid, but it is probable that the 
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innervation of these muscles comes through the cervical nerves and not 
through the hypoglossal. 

The Common Carotid Artery arises on the right side of the neck 
•from the innominate artery, and on the left side from the arch of the 
aorta. In the neck, however, the two arteries have practically the same 
relations. It is important to remember, how^ever, that the thoracic 
duct passes immediately behind the left carotid artery just before 
arching downward to enter the innominate vein, and the recurrent lar- 
yngeal nerve has already passed to the inner side of the artery before 
the artery enters the neck proper. On the right side the recurrent laryn- 
geal nerve lies behind the carotid artery in the lower part of the neck. 
At about the level of the first ring of the trachea the inferior thyroid 
artery, a branch of the thyroid axis, passes immediately behind the 
common carotid. Tlie sternomastoid branch of the superior thyroid 
artery crosses over the common carotid along the anterior edge of the 
omohyoid at about the level of the sixth cervical vertebra. A line for 
the common carotid is from the upper part of the sternoclavicular ar- 
ticulation to a point midway between the angle of the jaw and the tip 
of the mastoid process. The point of bifurcation into the two termi- 
nal branches, the external and internal carotid arteries, is usually on 
a level with the upper border of the thyroid cartilage. It is, however, 
not uncommon for the external carotid to be given off considerably 
higher up, and this anomalous condition sometimes makes it difficult 
to quickly reach the external carotid for ligation. 

The Omohyoid Muscle which crosses the common carotid externally 
consists of two bellies, the anterior and the posterior. It arises from 
the upper border of the scapula and the suprascapular ligament and, 
passing forward and slightly upward, becomes tendinous beneath the 
stemomastoid muscle. This part of the muscle is called the posterior 
belly. The anterior belly begins from this intermediary tendon and 
passes obliquely upward and forward to be inserted into the outer edge 
of the lower border of the body of the hyoid bone. The intermediary 
tendon is held in place to the first rib by a process of the deep cer\^ical 
fascia. The anterior belly of the muscle forms the upper boundary of 
the inferior carotid triangle and crosses the common carotid artery at 
about the level of the cricoid cartilage. 

The External Carotid Artery is usually about two and a half inches 
long and supplies blood to the upper part of the neck and nearly the 
whole of the head and face, outside of the cranium. Its course is gen- 
erally at first slightly forward, then backward, upward and inward, be- 
hind the posterior belly of the digastric and the stylohyoid muscles to 
the under surface of the parotid gland. It terminates near the upper 
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part of the gland, generally beneath it but sometimes in its substance 
by dividing into the internal maxillary and the superficial temporal 
arteries. 

The Superior Thjroid Artery, the first branch of the external 
carotid, arises from the front of the carotid just below the tip of 
the great comu of the hyoid bone. The artery runs at first forward, 
but soon turns downward, sending branches to the larynx, stemomas- 
toid muscle and the thyroid gland. In the beginning of its course it 
lies on the inferior constrictor muscle, and is in very close relation 
with the external laryngeal branch of the superior laryngeal nerve. 
For a short distance after leaving the cover of the stemomastoid the 
artery is directly under the deep cervncal fascia, but lower down it is 
covered by the omohyoid, sternohyoid and sternothyroid muscles and 
is generally overlapped by its aceompayning vein. 

The Ascending Pharyngeal Artery, the second branch, arises from 
the inner surface of the external carotid, almost opposite the superior 
thyroid and runs upwards on the constrictor muscles of the pharynx 
to supply the wall of the pharynx and the soft palate. A palatine branch 
from this artery is not a constant structure, but when present takes 
the place of the ascending palatine branch of the facial, and supplies 
the upper part of the tonsil. 

The Lingual Artery, the third branch, springs from the front of 
the external carotid just above tlie superior thyroid and about opposite 
the tip of the gi'cat comu of tlie hyoid bone. Tlie artery forms a loop 
upwards in the first part of its course, and hero, except that it is crossed 
superficially by the hypoglossal nerve, it is covered only by the skin, 
fascia and platysma. Keacliing the ])osterior border of the hyoglos- 
sus muscle it passes beneath this structure just above the great comu 
of the hyoid bone. It tenninates as the ranine artery, and is the chief 
blood supply to the tongue. 

The Facial Artery, the fourtli branch, arises from the carotid im- 
mediately above the lingual, but i)asses upward to the inner side of the 
posterior belly of the digastric and runs forward and downward 
through a special groove in the submaxillary gland to the margin of 
the jaw, just in front of the masseter muscle. Sometimes, however, 
after reaching the upper border of tlie digastric muscle, it loops up- 
wards until it comes into close proximity with the inferior pole of the 
tonsil, though always separated by the middle constrictor muscle. 
After reaching the edge of the jaw, tlie facial artery passes just beneath 
the fascia and skin to supi)ly the various structures of the face, termi- 
nating in the angular artery on the side of the nose. 

The Occipital Artery, the fifth branch, arises from the back of the 
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external carotid just below the posterior belly of the digastric and run- 
ning upward and backward under the posterior belly of the digastric, 
it crosses, first the internal carotid artery, then the hypoglossal nerve, 
the pneumogastric nerve, the internal jugular vein and lastly the spinal 
accessory nerve. The hypoglossal nerve hooks around the artery just 
as it branches from the carotid. By passing between the transverse 
process of the atlas and the base of the skull, the occipital artery 
reaches the digastric groove of the mastoid process. In this part of 
its course it is separated from the vertebral artery by the rectus capitis 
lateralis muscle. 

The Posterior Auricular Artery, the sixth branch, leaves the back 
of the external carotid just above the digastric muscle and passing 
under the posterior part of the parotid gland runs between the mastoid 
process and external auditory meatus, where it is in close relation with 
the posterior auricular branch of the facial non'c. 

The Internal Maxillary Artery, the seventh branch, one of the ter- 
minal branches of the external carotid, begins behind the neck of the 
lower jaw and passes fonvard to supply practically all of the internal 
structures of the face. The first part of the arteiy is closely associ- 
ated with the auriculotemporal nerve and internal maxillary vein, and 
it lies between the sphenomandibular ligament and the neck of the 
jaw. Its second part, occupying the zygomatic fossa, may run either 
over or under the lower head of the external pterj^goid muscle. When 
it passes between the heads of the extenial pterj^goid muscle it comes 
into close relationship with the third division of the fifth nerve. The 
third part of the artery runs between the lower heads of the external 
pterygoid, thence through the pteiygomaxillary fissure into the 
sphenomaxillary fossa. This artery gives off numerous branches, one 
of which, the posterior or descending palatine, nms downward through 
the posterior palatine canal to the roof of the mouth, where it crosses 
forward beneath the mucous membrane just inside the alveolar proc- 
ess. It gives off small branches which supply the soft palate and anas- 
tomose w^ith the ascending palatine and tonsillar branches of the 
facial and probably with the ascending pharyngeal artery. Another 
branch, the vidian, supplies branches to the upper part of the pharynx 
and to the Eustachian tube. Another branch, the pterygopalatine sup- 
plies the upper and back part of the nose, the pharyngeal vault and 
surrounding structures. 

The Superficial Temporal Artery, the eighth branch, the second of 
the terminal branches of the external carotid, begins in the upper part 
of the parotid gland behind the neck of the mandibular, and, dividing 
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hifo an anterior and posterior branch, supplies the anterior half of the 
scalp. 

The Internal Carotid Artery, beginning at the level of the upper 
border of the thyroid cartilage, runs upward and inward posterior and 
external to the external earotid. It pa.«ses into tlie skull through the 
carotid canal of the temporal bone. Posterior to the artery and slightly 
internal are the rectus capitis anticus major nuiacle, the prevertebral 
fascia and the sympathetic cord. The internal jugular vein and vagus 
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nerve, while on a ])lniii posterior to tlie artery, are generally somewhat 
external to it. The sjiinal accessory and glo.«s(ipl laryngeal nerves for 
a short distance in the ujijier part of the neck are found behind and 
slightly to the outer side passing between it and the internal jngnlar 
vein. Internally it is closely associated with the wall of the pharynx 
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but separated by the ascending pharyngeal artery, the pharyngeal 
plexus of veins and the superior laryngeal nerve. Just before the 
artery enters the temporal bone the levator palati muscle is found on 
its inner side. It is crossed externally by the hypoglossal nerve and 
the occipital and posterior auricular arteries, and it is separated from 
the external carotid by the stylopharyngeus and styloglossus muscles, 
the stylohyoid ligament, the glossopharyngeal nerve, the pharyngeal 
branch of the vagus, and some fine sympathetic twigs. The digastric 
and stylohyoid muscles run external both to it and to the external 
carotid. The upper part of the internal carotid in the neck is covered 
by the parotid gland. As a rule no branches are given off from the 
internal carotid artery, while in the neck. 

The Pneumogastric or Vag^s Nerve occupies the carotid sheath be- 
ing placed behind and between first the internal, then the common car- 
otid artery and the internal jugular vein. Two ganglia are found on 
the pneumogastric nen^e as it leaves the skull through the jugular 
foramen. The upper and smaller one, the ganglion of the root, gives 
off a meningeal branch and an auricular (Arnold's nerve) branch. 
The latter generally communicates with the tympanic branch of the 
glossopharyngeal, also with the facial nerve. The lower ganglion of 
the trunk gives off the pharyngeal branch and the superior laryngeal 
nerve. The pharyngeal branch which really derives its fibres from the 
spinal accessory ner\^e, inins between the internal and external carotid 
arteries and helps in the formation of the pharyngeal plexus. 

The Superior Laryngeal Nerve runs downward and inward behind 
the external and internal carotid arteries to the thyroid cartilage. In 
its course it divides into the internal and external laryngeal nerves. 
The internal laryngeal nerve gains access to the larynx by running be- 
tween the middle and inferior constrictor muscle of the pharynx and 
through the thyrohyoid membrane. The external laryngeal nerve 
passes downward upon the inferior constrictor muscle ending in the 
cricothyroid in the lower part of the neck. 

The Recurrent or Inferior Laiyngeal Nerve is a branch of the vagus. 
On the right side of the neck it leaves the vagus as it passes over the 
subclavian artery. It then runs upward behind the subclavian, the 
common carotid and the inferior thyroid arteries, and behind the thy- 
roid body. It enters the larynx by passing beneath the lower border of 
the inferior constrictor muscle. The left recurrent laryngeal nerve 
leaves the vagus as it crosses the aortic arch. Passing around and 
behind the arch it runs upward in the interval between the trachea and 
esophagus. In the neck its course is similar to that on the right side. 



98 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

The Spinal Accessory Nerve divides in the jugular foramen, the 
accessory portion of the ner\^e joining the vagus. The spinal portion 
of the nerve then runs downward into the neck, occupying at first the 
interval between the external carotid artery and the internal jugular 
vein. It runs downward, outward, and then crosses obliquely back- 
ward over the vein to reach the internal surface of the stemomastoid 
muscle. It then pierces this muscle, sending fibres to it, and enters 
the posterior triangle of the neck near the exit of the cervical plexus. 
Crossing the posterior triangle it supplies the trapezius muscle enter- 
ing on its inner surface. 

The Glossopharyngeal Nerve leaves the skull through the jugular 
foramen and arching downward and forward passes between the in- 
ternal carotid artery and the internal jugular vein, and below the ex- 
ternal carotid. It passes aroimd the outside of tlie stylopharyngeus 
muscle and the stylohyoid ligament and below the hyoglossus muscle, 
terminating in the tongue. It innen^ates tlie stylopharyngeus muscle 
and sends important branches to the pharyngeal plexus. It also sends 
a few direct fibres to the mucous membrane of the pharynx and another 
branch to form the tonsillar i)loxus which supplies the mucous mem- 
brane covering the tonsil and the immediate surroimding region. 

The Pharyngeal Plexus of nerves is made up of branches from the 
glossopharyngeal and the i)neumogastric nerves and the superior cer- 
vical ganglion of the sympathetic. 



CHAPTER III. 



THE SURGICAL ANATOMY OF THE EAR. 

By George E. Shambaugii, M. D. 

Introduction. 

Nowhere is surgery more dependent on a knowledge of anatomic 
details than in the operations upon the ear. In the temporal bone are 
located a number of important anatomic structures a slight injury 
of which mav be followed bv serious results. The fact that these 
structures encroach on the field of operation which lies deep in the 
temporal bone makes the danger from injury much greater than when 
the operating is done in soft structures. 

The perfecting of aural surgery is the direct result of the modem 
tendency to specialization which has made it possible for the otologist 
to master the complicated anatomy of this region. The first problem 
for the surgeon wlio would undertake the operations on the ear is to 
master the details of the anatomy of tliis region. This cannot be ac- 
quired from text-books nor is this knowledge readily gained by 
attempts to do these oi)crations on the cadaver. A thorough grasp of 
the complicated anatomy of the temporal bone is best acquired by a 
study of preparations made especially to show this or that relation. 
The know^ledge comes through the actual making and handling of such 
preparations. The most that can be hoped from a chapter on the sur- 
gical anatomy of the ear is to point out the various relations which 
must be kept in mind when undertaking the surgery of this region and 
to emphasize these relations by drawings from actual preparations. 
The study of such a chapter can in no sense serve as an adequate sub- 
stitute for the actual handling of anatomic preparations, which after 
all is the only w^ay of acquiring real anatomic knowledge. It is hoped 
that this chapter may serve to call the attention of the beginner to the 
more important surgical relations of the temporal bone so that with 
this as a guide he may work out for himself these relations from prep- 
arations of his own. 

The Development of the TemporaJ Bone. 

The temporal bone is formed from three parts, the pars petrosa, the 
pars squamosa and the pars tympanica, which in the new-bom are 
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sharply separated by well marked sutures. Of these the jjetrous is the 
most important as it contains the labyrinth and it is from the petrous 
bone that the mastoid process develops. The tympanic bone in the 
new-born is but a shallow curved rim containing a groove, the sulcus 
tympanicus, for the attachment of the membrana tympani. The rim is 
incomplete at the upper pole, the cleft forming the incisura tympanica 
in which the membrane of Shrapnell is attached. The squamous bone 
in the new-born forms the outer covering for the recessus epitympan- 
icus (the attic and aditus) as w^ell as the outer covering for the antrum 
tympanicum. The roof of these chambers, the tegmen tympani et 
antri, is formed in part from the squamous bone and in part from the 
petrous. The suture passing directly through the tegmen is quite 
patulent in the new-born. This explains the ready occurrence in the 
young of meningeal symptoms in cases of acute suppuration of the 
middle ear. 

The outer surface of the temporal bone in the new-born presents 
an appearance quite unlike that seen in the adult. The most con- 
spicuous difference is the complete absence of an osseous external 
meatus. The membranous meatus is connected to the shallow rim of 
bone, the pars tympanica, in which the membrana tympani is attached. 
This close relation l)etween the membrana tympani and the mem- 
branous external meatus accounts for the occurrence of pain in a 
young child whenever in cases of acute otitis media the auricle is ma- 
nipulated. In older children this symptom disappears because the 
cartilage of the meatus is separated by a well developed bony meatus 
from the area of infiltration about the attachment of the membrana 
tympani. Another peculiarity in the new-bom is the complete absence 
of a mastoid process. That part of the petrous bone from which the 
processus mastoideus develops presents a flat surface with scarcely a 
suggestion of a prominence from which the process develops. A con- 
spicuous suture beginning opposite the middle of the posterior wall of 
the tympanum and coursing upward and backward to a notch on the 
posterior margin of the temporal bone marks the union between the 
petrous and scjuamous bones. (Fig. 72.) This suture, the petrosqua- 
mosal, oi)ens directly into the antrum tympanicum and often i)ersists 
in the adult as a depression into which the periosteum penetrates. The 
persistence of the petrosciuamosal suture in children has an important 
practical bearing on the course of antrum infection at this age as it 
pennits of the rajnd develo])nient of a subperiosteal abscess. It ex- 
plains also why a simple AVild's incision in an infant is so much more 
effective than in the adult. A Wild's incision in an infant for the 
relief of a subperiosteal abscess formed by an extension from the 
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antrum throngli the i)etrosqiiaitiosaI suture amounts often to the same 
as a Schwartze operation in the adult as it gives a free opening into 
the antrum, tlie only pneumatic space developed at this ago. 

On the outer surface of tlie temporal bone, jnst back of the pars 
tympanica, at about the junction of the middle with the lower thirds of 
the posterior wall of the tympanic cavity, is a round opening for the 
exit of the facial nerve. It is important tliat this position of the stylo- 
mastoid opening in tlio infant be kept in mind when making the incision 
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Fig. 73. 



Fig. 73. Tpnipornl liont- from iieiv-lnirii. slicuviiif; dislinHlj- the three 
parts which go to miike up tliis iHinc; tlio iinrs wiiiniuoan, imre tj-mpanico. 
pars petrosa. Note the ali.wtico of Imiiy extcrniil meatus and the absence 
of a mastoiil jirocess. Tlie oiioning of tli« fiieial canal is on the exjKised 
outer surface of Ihe temiKiral \Hine. (Dr. O, \V. Itoot's preparation.) 

Fig. 73. Temporal liono from cliild one year old, slioiving tlie per- 
sistence of the petrasquiiitiosal suture, also the iM^inning of a, mastoid 
process nhich is still too small to cover tlie opening of the facial canal. 
Tlie bony external auditory caiinl is lieginning to form. The lonrr ante- 
rior part is still entirely wanting. (Dr. G. W. Hoot's preparation.) 



for the relief of a subperiosteal abscess, for this incision might sever 
the facial nerve. 

In the development of the temporal bono after birtli tlie two con- 
spicuous changes brouglit about are tlie formation of a mastoid proc- 
ess and of a bony external meatus. The processus mastoideus develops 
largely from the petrous bone. It is first recognized as a small tubercle 
at about the age of one year. {Fig. 73.) Its development takes place 
in two directions, outward, that is external to the cavity of the tym- 
panum, and downward below the cavity of the tympanum. It is the 
development of the processus mastoideus that causes the stylomas- 
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toid foramen to recede from the surface of the temporal bone until in 
tlie adult it lies fully 25 mm. from the outer surface of the mastoid. At 
the age of three years the mastoid has already assumed the shape 
found in the adult and the digastric groove is easily recognized. (Fig. 
74.) The i)etrosquamosal suture has usually been obliterated with only 
occasionally a depression marking its site. The external bony cover- 
ing of the antrum is still usually quite porous. 

The development externally of the processus mastoideus is shared 
by both the squamous and the tjonpanic bones. All three enter into 
the formation of the bony external meatus. In its development the 
tjTiapanic bone forais a trough with an opening above the posterior. 
This trough in the adult forms the anterior, the lower, and part of the 
posterior bony meatus auditorius externus. The upper wall of the bony 
meatus is fonned by a horizontal plate from the squamous bone. The 
upper posterior margin of the external meatus is formed by the pro- 
cessus mastoideus and is develoi)ed in part from the petrous and in 
part from the squamous bones. It is this upper posterior part of the 
external bony meatus that is occupied freciuently in the adult by pneu- 
matic spaces, mastoid cells. 

Meatus Auditorius Externus. 

In the new-bom, as already pointed out, the external auditory 
meatus consists only of the cartilaginous membranous portion, there 
being no bony meatus. In the adult this cartilaginous portion forms 
scarcely the outer third of the canal. In the development of the bony 
canal the part formed by the squamous and petrous bones pushes out 
beyond that formed from the tympanic bone, so that the anterior lower 
wall of the bony meatus is shorter than the upper and posterior wall. 
This deficiency is jjieced out by an extension from the cartilage form- 
ing the auricle. In this cartilage which forms the outer part of the 
anterior lower wall of the external meatus are several clefts called the 
incisure Santorini which relieve the rigidity of this part of the canal 
and permit greater mobility of the auricle. Through these clefts in 
the cartilage a parotid abscess occasionally discharges into the ex- 
ternal meatus and through them a furuncle in the meatus may dis- 
charge into the region of the parotid. 

The anterior lower wall of the bony meatus is formed by a thin 
plate of bone which sei)arates the meatus from the glenoid fosso. A 
severe blow on the chin mav fracture this bone and drive the head of 
the mandible into the external meatus. The floor of the external 
meatus makes a decided curve downward at its inner third forming 
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the sulcus of the external meatus. (Fig. 76.) The narrowest part of 
the external meatus is at the entrance of this sulcus. The sulcus itself 




Fig. 76. 
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is at times so deep that insects !in<l small foreij^n bodies lodging in it 
may be completely out of the line of direct inspection. 

The upper posterior wall of the extenial meatus is formed from 
the mastoid process and this is the only p.irt of the meatus wall en- 




Adult Ipmporal bono bIiuwjh 
I Tiinstoiil cells along the iip[i< 



Fig. 77. 
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eroaclied on by mastoid cells. These colls may be found pxtenial to 
the supramental spine {Fig. 77) which is located often somewhat within 
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the outer margin of the meatus. The antrum tympanicum lies above 
the upper posterior wail of the meatus just external to the raembrana 
tympani (Figs. 77, 78, 79). In cases of acute mastoid disease when the 
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temporal bone is boinj; involved, a jioriostitis over this portion of the 
canal frequently results in a bulging or sinking of tiiis part of the pos- 




Flg. 79. 
Section through mastoid process and exlemal canal, showing pneumatic 
tj-pe of mastoid with the larger cells on llio peripliera, also the position of 
tjie antrum above and posterior to the external canal. 

terior wall. A mastoid abscess frequently discbarges into the external 
canal at this point. In case of chronic suppuration with cholesteatoma 
formation in the antrum the cholesteatoma frequently breaks through 



106 



OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR 



into the external meatus at this point. Ou tlie other hand it sliould be 
remembered that a furunele located along tlie posterior wall of the 
meatus may be confused with a mastoid abscess, since in addition to 
producing a bulging of this wall of the canal it is often associated with 
an infiltration and edema over the mastoid process with displacement 
forward of the auricle, such as a mastoid abscess produces. The rela- 
tion of tlie facial canal to the upper and posterior walls of the external 
meatus is of great surgical importance especially in doing the radical 
mastoid operation. Tlie inner rim of the upper wall of the external 
meatus lies directly over the facial canal from the point whore the 
nerve enters the tympanum in front of the oval window until it begins 
to curve downward toward the stylomastoid opening. (Figs. 76 and 
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80.) In this jiart of its course the facial nerve is covered by an ex- 
tremely thin shell of hone in whicli dehiscence frequently occurs. From 
the point where the facial canal turns downward until it emerges from 
the stylomastoid foramen it lies in the bone whieli forms tlic posterior 
wall of the bony meatus. At the point where this canal enters the 
posterior wall of tlie bony meatus just posterior to the oval win- 
dow it lies on a level with the inner wall of the tympanum. As it 
passes downward it lies out furtlier and further along the external 
meatus so that at the level of the floor of the tympanum the canal lies 
several millimeters external to the inner wall of the tympanum. (Fig. 
80.) Again the relation of the facial canal to the external meatus is 
such that where it enters the ])o.sterior wall of the meatus near the up- 
per part of the tympanum it lies close to the meatus wall but as the 
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canal passes downward it recetlos furthor and furtlior from tlio meatus 
imtil at the level of tlie floor of tlie tympanum it lies several millimeters 
posterior to the external meatus. (Figs. 80 and 81.) These relations 
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of tlie facial canal to the i)ostorior wall of tlio external meatus make it 
necessary, when iieifonniiif; tite radical mastoid operation, to leave 
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standing a part of the posterior wall of the canal. (Fig. 82.) On the 
other hand it is possible to remove the ledge of bone lying in front of 
the facial eanal which separates the canal from the meatus. 
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The Processus Mastoideus. 

Tbe mastoid process is surgically the most itiiportant part of the 
temporal bone. Most of the serious complications arising in the course 
of suppurative middle ear disease develop from disease of this proc- 
ess and the operations undertaken for the relief of these complications 
begin with an exenteration of the mastoid. 

The outlines of the mastoid process present a cone-shaped appear- 
ance, tile apex of the cone pointing downward, the base of the cone 
uppermost. The size in the adult is not constant. The outer surface 
is more or less rounded or flattened depending largelj- on the size. In 
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the well developed process the outer surface is more rounded while in 
the small process the surface is more flattened. 

The markings on the outer surface of the mastoid process are of 
importance. They serve as a guide in making an opening into tlie 
antrum. The base of the mastoid is marked off by a horizontal ridgo, 
a continuation of the root of the zygoma. Tills is known as the linea 
temporalis and is constant although not developed as prominently in 
some cases as in others. The linea tem])oraIi8 usually extends directly 
back from and on the same plane with the root of the zygoma, (Fig, 
83.) It lies, therefore, a little above the external meatus. In some 
cases, however, it curves down around the upper posterior margin of 
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the external meatus and takes its horizontal course from about the 
middle of the opening of the external meatus. (Fig. 84.) In other 
cases the linea teraporahs takes a sharp curve upward immediately 
back of the upper posterior margin of the external meatus. (Fig, 85.) 
It is important to understand these variations since this ridge often 
serves as a guide in opening the antrum and as a landmark indicating 
the line of separation between the mastoid and the middle brain fossa. 
In keeping below the linea temporalis when opening the mastoid proc- 
ess there should he no danger of entering the middle fossa. The cases 
in which the linea temporalis takes a sharp curve upward just back 
of the external meatus are exceptions. Here the middle fossa can 




Fig. 84. 
Adult temporal bono showing tlie linpa tcmporsliB makin); a marked 
curve down aJong the posterior liorder of tlio external meatus before turn- 
ing backward. (Anatomic variation.) 

be readily entered by chiseling directly inward from beneath this 
ridge. As a guide for finding the antrum the linea temporalis can 
usually be relied on. The opening is made immediately below the 
ridge quite close to the meatus, and the direction of the external 
meatus followed until the antrum is reached. There is but one type 
of process in which this method could fail to lead to the antrum. 
This is when the linea temporalis curves down along the pos- 
terior margin of the external meatus before coursing backward. (Pig. 
84.) In these cases the opening made into the mastoid as indicated 
could readily miss the antrum and might lead to an injury of the facial 
nerve. 
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Another constant landmark on the outer surface of the temporal 
bone is the spina snpramcatum located at the upper posterior margin 
of the extcnial meatus. {Figs. 74 and 77.) This is a small roughened 
area for the attachment of the superior ligament of the auricle. The 
size of the spine varies. It is usually quite conspicuous but, especially 
in children, it may be so small as to escape detection. As a gnide in 
opening the antnim it can always be relied upon as its position at the 
upper posteiior margin of the exlemal meatus is constant. The an- 
trum, which lies some distance out along the upper posterior wall 
of the external meatus, is readily reached by making an opening in the 
mastoid just back of the supremeutal spine and following the direction 
of the external meatus. To lay off an imaginary triangle in this local- 
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ity before making the opening into tlie nnfnini wnuhl only emuplicate 
the situation and lead to confusion in the mind of the beginner. The 
simplest method of finding the antrum when the supramoatal spine 
can be recognized is the direction given above. In all cases in which 
the spine cannot be niH'lf out m> difficulty will be experienced in locat- 
ing the antnim if it be kepi in mind that this cavity lies above the upper 
posterior wall of the exlernal meatus a short distance external to the 
drum membrane. The opening in the mastoid should be made close to 
the external meatus just below an imaginary line passing through the 
upper margin of the extcnial meatus and the occipital protuberance. 
If the opening follows closely the <lirection of the external meatus one 
cannot fail to find the antnim if that cavity has not been completely 
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obliterated, as it may be in rare eases of ehronic suppuration of the 
middle ear. 

Other markinp;s on the outer surface of the mastoid are the opon- 
ing for the emissary mastoid vein, the tympanomastoid, and the petro- 
squamosal sutures. The opening of the emissary mastoid vein is along 
the posterior margin of the mastoid. {Fig. 84.) It frequently repre- 
sents a point of increased tenderness in cases of thrombosis of the 
lateral sinus. The location of the opening should he kept in mind when 
operating on mastoid cells located along the posterior margin of the 
process. The tympanomastoid suture is seen along the posterior mar- 
gin of the external meatus. It marks tiie separation between the part 
of the posterior wall of the meatus fonned from the tympanic bone and 
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that formed from the mastoid process. The petrosquamosal suture is 
well marked in the young child but is usually quite obliterated in the 
adult. 

The mastoid process in the adult usually contains pneumatic 
spaces which communicate with the antrum and are known as mastoid 
cells. In the new-bom there is an absence of a mastoid process and of 
mastoid cells. The antrum, which is in reality part of the tympanum 
and is known as the antrum tympauicum, exists in the new-bom. As 
the mastoid process develops pneumatic spaces develop and as a rule 
completely fill the process. {Figs. 79, 86, 87.) These cells often extend 
beyond the confines of the mastoid process forward into the root of 
the zygoma and posterior into the occipital bone. The cells lying near 
the antrum are as a rule small in size. The cells occupying the tip of 
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the mastoid tind those lying along the posterior margin are usually 
much larger. (Figs. 79, 86, 87.) In Figs. 88 and 89 is shown an unasn- 
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ally large mastoid cell outside the mastoid process lying internal to 
the diga.stric groove. Such a mastoid cell is especially dangerous be- 
cause in the first place a suppuration here could produce no symptoms 
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over the outer surface of the mastoid and in the second place such a 
cell might readily escape detection when operating on the mastoid 
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The mastoid cells all communicate with the antrum and al- 
though the walls separating adjoining cells usually show dehiscences 
cells may retain their own openings leading to the antrum. In this 
way it is poasihle for a large cell at the tip of the mastoid to communi- 
cate with the antrum through its own channel and without communi- 
cating with adjoining cells. This condition may explain the occurrence 
of an isolated abscess in the tip of the mastoid process. 

The process of pneumatization of the mastoid is often incomplete 
so that mastoid cells are formed in but a part of the mastoid. In such 
cases the cells are located close to the antrum while the tip of the proc- 
ess and the posterior margin are free from air cells. (Figs. 80, 90, 91.) 
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In other eases no mastoid cells whatever exist. (Figs. 92 and 93.) Here 
the process is flatter and smaller than normal and the size of the an- 
trum also is quite small. In other words the whole impression one gets 
from an examination of this type of mastoid is that of an undeveloped 
infantile condition. It is this type of mastoid process that is found in 
cases of chronic suppurative otitis media dating from early childhood. 
Mr. Cheatle interprets these facts as indicating that cases of acute 
purulent otitis media are more inclined to become chronic when occur- 
ring in the non-pneumatic type of mastoid. Others are inclined to be- 
lieve that the lack of pneumatization in such cases is itself the direct 
result and not the cause of the chronic suppuration. The suppuration 
beginning in early childhood before the development of the mastoid 
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has progressed very far hinders its further development; the result 
being these eases of complete absence of mastoid cells. This condition 
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trum. The roof of the mastoid is a thin shell of bone which separates 
the antrum and the mastoid cells from the middle brain fossa. Over 
the antrum it is called the tegmen aiitri. Dehiscence in the bone fre- 
quently exists so that only the lining of the mastoid cells and the dura 
separates the cells from the brain cavity. {Figs. 77, 90, 94, 95.) 

A number of important structures come into close relation with 
the mastoid process. The sigmoid curve of the lateral sinus lies in- 
ternal to this process and encroaches more or less ou spaces of the 
mastoid. (Fig. 82.) The distance separating this sinus from the pos- 
terior wall of the external meatus varies in different individuals. Usu- 
ally there is ample space between the sinus and the posterior wall of 
the meatus to permit of a wide opening into the antrum. In other 
eases the sinus lies so close to the meatus wall that the opening into 
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the antrum has to be made by working along the upper posterior wall 
of the meatus instead of posterior to the suprametal spine. The 
location of the sigmoid curve is usually the same on both sides. The 
important relation of the facial canal to the mastoid has already been 
discussed. It is important to remember that mastoid cells may develop 
in close proximity to the facial canal and that these cells may lie deeper 
than the facial, that is internal to it. The facial nerve is most readily 
injured in its course through the tympanum or at the point where it 
makes the bend downward toward the stylomastoid opening. (Figs. 
77, 80, 81, 90, 92, 94.) 

The horizontal semicircular canal forms a prominence in the floor 
of the antrum whore its hard ivory-like capsule can readily be recog- 
nized, when opening the antrum, by its smooth glistening appearance. 
Its position is such that should the cavity of the antrum be mistaken 
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for a mastoid cell a single stroke of the chisel in an attempt to pene- 
trate further might readily open the canal. Its position in a measure 
protects the facial ncr\'es from injury when operating on the mastoid, 
for its hard capsule forms a partial covering for the facial canal just 
back of the oval window. (Figs. 80, 90, 94, 95.) The superior semi- 
circular canal encroaches at times on the anterior inner wall of the 
antrum. {Fig. 96.) In antrum disease it is possible for an erosion 
into the superior canal to occur. This canal is not exposed to injury 
in operating on the mastoid as is the horizontal. 



Fig. 94. 
Spftion tlirouKh ndiilt ti?nipi)m1 liouc, Hlintviii^ tlie rclntions of llic 
carotiii lo tlie cavum tjiiipaiii nni! the struct hips in the floor of llie recca- 
Bus opilyiiipaniuiiB. 

Gavtun Tympani. 

Anatomically the tympanic cavity forms but a part of a larger 
cavity which includes the antrum tjTnpanicum and the passage between 
these two, the recessus epitympanicus. (Figs. 80'95.) Patliologically 
also these chambers should be considered together as they are usually 
involved in the same process. Tlie division of tlie passage way from 
the tympanum to the antrum into two parts, an attic and aditus, is not 
feasible anatomically. (Fig. 95.) 

The inner wall of the tympanic cavity is formed largely by the 
capsule of the labyrinth. The first turn of the cochlea produces a 
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prominence just posterior to the center to which the term promontory 
is given. Just above the promontory is an oval opening into the vesti- 
bule of the labyrinth called the fenestra vestibuli. This is the oval 
window in which the foot plate of the stapes is attached. The win- 
dow itself is at the bottom of a depression out of which only the head 
of the stapes and a small part of the crurie project. Just posterior to 
the promontory, lying but a couple of millimeters from the oval win- 
dow, is the opening into the first turn of the cochlea called the fenestra 
cochleiB. This is the round window covered over by a membrane which 
separates the tympanum from the scala tympani. Directly posterior 
to that part of the promontory which separates the oval from the round 
window is a depression often extending under the canal for the facial 




nerve. This depression is known as the sinus tympanicus. It is diffi- 
cult to smooth out this pocket when performing the radical mastoid 
operation. A conspicuous marking on the inner wall of the tympanum 
is the canal for the tensor tympani muscle. This lies just above the 
tympanic orifice of the Eustachian tube. The processus cochleari- 
formis which forms the posterior end of this eanal projects out a short 
distance over the anterior margin of the oval window. (Fig. 94.) The 
relation of the facial canal to the inner wall of the tympanum is of 
great surgical importance as the facial nerve in its course through the 
tympanum is covered by an extremely thin delicate covering of bone 
which can readily be fractured by the use of a curette. The nerve en- 
ters the tympanum in front of and just above the oval window. Its 
course is more or less horizontal until just posterior to the oval win- 
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dow it curves downward toward tlie stylomastoid opening. (Figs. 80, 
81, 90, 93, 94, 96.) The prominence formed by the horizontal semicir- 
cular caiuil in tho floor of the passajc*' froni tlic antrum into tlic tyni- 
pamim projects out beyond the facial canal and in this way serves 
often to protect the nerve from injury when operating in this region. 

The roof of the tympanum is formed by a plate of bone separating 
tliis cavity from the middle fossa. This is called the tegmen and is 
often extremely delicate. (Figs. 77, 80, 90, 94, 95, 98.) In the new-bom 
it is crossed by the suture between the squamos and petrous bones 
through which blood vessel communications extend between the dura 
and the membrane lining the tympanum. Through this tegmen sup- 
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purativc disease in the tympanum frequently penetrates into the brain 
cavity. 

The floor of the tympanum contains a number of depressions 
called tympanic cells. These cells are occasionally quite extensive in 
which case it becomes difficult if not quite impossible to clean them out 
entirely in operating on the tympanum. (Fig. 97.) The floor of the 
tympanum extends somewhat deeper than the floor of the external 
meatus. This depression is called the recessus liypotympanicus. The 
relation of the bulb of the jugular to the floor of the tympanum is such 
that infection occasionally extends from the tympanum directly to the 
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bulb. The bulb is frequently exposed to injury when curetting the 
floor of the tympanum. In mdst cases the bulb is separated from the 
tympanum by a thick wall of bone. (Fig. 90.) In other cases the bulb 
forms a prominence in the floor of this cavity. It is then covered by 
an extremely thin shell of bone readily broken by the curette. (Pig. 
98.) 

In the anterior wall of the tympanum is located the tympanic ori- 
fice of the Eustachian tube. (Figs. 82 and 95.) The internal carotid 
lies directly in front of the tympanum from which it is separated by 
a thin plate of bone. (Figs. 80, 82, 90, 94.) In performing the radical 
mastoid it is important to remember that the carotid lies below, that 
is internal to the Eustachian tube. In order to avoid injuring this ves- 
sel the pressure of the curette in the moutli of the tube must be directed 
upward, that is outward. The mesial wall of the tube should not be 
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curetted. Pneumatic cells are frequently found opening into the Eu- 
stachian tube near the tympanum. These are the tubal cells and at 
times they are quite extensive. (Fig. 95.) On account of the relation 
of the internal carotid it is often not feasible to eradicate these tubal 
cells when performing the radical mastoid operation. 

In the posterior wall of the tympanum is located the opening into 
the antrum. (Figs. 94 and 95.) This opening occupies about the up- 
per third of the posterior wall. The canal for the facial nerve forms 
a slight prominence along the mesial wall of this opening. (Figs. 90 and 
94.) At the lower margin of the opening the facial canal enters the 
posterior wall of the tympanum. Toward the floor of the tympanum 
this canal recedes more and more from the posterior wall of the cavum 
tympani. (Figs. 80 and 81.) A small bony prominence just back of the 
oval window contains an opening for the transmission of the tendon of 
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the stapedius muscle. This prominence is called the eminentla pyra- 
midalis. (Fig. 94.) The depression in the posterior wall of the tym- 
panum, called the sinus tympanicus, lies directly under the eminentia 
pyramidalis. 

The external or outer wall of the tympanum is formed chiefly by 
the membrana tympani. At the floor of the tympanum is a depression, 
the recessus hypotympanicus, the external wall of which is formed by 
the floor of the bony meatus. (Fig. 76.) At the upper part of the tym- 
panum is the recessus epitympanicus, the outer wall of which is formed 
by the bone forming the roof of the external meatus. (Fig. 76.) In 




Fig. 98. 
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removing the external wall of the so-called attic, there is danger of 
injuring the facial nerv-e as this structure in its course through the 
tympanum lies directly internal to the lower margin of the external 
wall of this chamber. 

When curetting out the tympanic cavity great care must be taken 
on account of the danger of injuring important structures. In the 
floor of the tympanum is the recessus hypotympanicus and the tym- 
panic cells which frequently require cleaning out when performing 
the radical operation. Here the danger of injuring the bulb of the 
jugular must be kept in mind. Along the posterior wall of the tym- 
panum are several depressions, the largest of which, the sinus tym- 
panicus, extends often under the canal for the facial. These cells are 
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exposed only by removing the ledge of bone in front of the facial canal 
in the lower half of the posterior wall of the meatus. (Figs. 80 and 81.) 
In the floor of the Eustachian tube near its tympanic orifice are the 
tubal cells, which must be opened with great caution on account of the 
location of the internal carotid just anterior and internal to the tym- 
panum and internal to the Eustachian tube. The roof of the tym- 
panum, the tegmen tympani, separates this cavity from the middle 
fossa. It is a fragile shelf of bone easily perforated by a curette. In 
curetting the inner wall of the tympanum the region just below and in 
front of the prominence for the horizontal canal should be avoided be- 
cause the facial canal crosses the tympanum here and in this region is 
the oval window with the stapes. A dislocation of the latter may lead 
to an infection of the labyrinth. 

The relations of the lateral sinus are important to keep in mind 
not only when operating on the sinus itself but whenever an opening 
into the mastoid is made. The variations in the location of the sigmoid 
curve of this sinus are such that unless they are understood there is 
often great danger of opening the sinus when performing the simple 
mastoid operation. The sigmoid usually lies far enough posterior to 
the external meatus to permit of a free opening into the antrum. (Fig. 
82.) It frequently projects forward, however, so close to the posterior 
wall of the external meatus that a free opening from the surface of 
the mastoid into the antnnn is obstructed. It usually lies at a consid- 
erable distance from the surface of the mastoid but in those cases in 
which the sinus is pushed forward it approaches closer and closer to 
the surface of the mastoid. It can be seen in some cases after the 
periosteum has been removed, as a bluish discoloration from the sur- 
face of the mastoid. In all cases the cortex of the mastoid should be 
removed with caution until the location of the sinus has been deter- 
mined. In rare cases there is a congenital absence of the lateral sinus 
on one side. The author has one such preparation in his collection. 
Near the upper posterior margin of the mastoid process the sinus 
takes a horizontal direction backward. At about the level of the floor 
of the tympanum the sinus turns inward and somewhat forward in a 
horizontal direction towards the bulb. 

The position of the bulb of the jugular and its relation to the sur- 
rounding structures must be understood by the surgeon who under- 
takes to operate on the mastoid. In cases of infection it becomes neces- 
sary to expose the bulb and to lay it freely open. The relation of the 
bulb to the cavum tympani has already been described. When the bulb 
occupies that relation to the floor of the tympanum which is shown in 
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Fig. 98 or in Fig. 90 an exposure of the bulb by operating through the 
tympanum is feasible. 

The location of the bulb varies, liowevcr, even more than does that 
of the lateral sinus. In most cases the bulb makes but a shallow inden- 
tation in the lower surface of the temporal bone, so that a curette 
passed forward along the lateral sinus will remove clots located in it. 
In these cases it is separated from the floor of the tympanum by a 
thick layer of bone. In other cases the dome of the jugular bulb is 
pushed upward higher and higher along the posterior wall of the 
petrous bone. In these cases the appearance is not unlike an erosion 
produced by an eddy in a stream. The extent to which the bulb is 
pushed upward in these cases is often surprising. Occasionally the 
bulb extends to the highest margin of the petrous bone. In Fig. 100 is 
shown a case in which the bulb extends through the superior margin of 
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the petrous bone ami in its course obliterates part of the posterior wall 
of the internal meatus as well as the bony covering of the aquteductus 
vestibuli. 

The surest route for the exposure of the jugular bulb is to fol- 
low along the course of the lateral sinus imtil the bulb is reached. By 
chiseling along in front of the sinus a layer of bone can be removed 
posterior to the facial canal which will usually permit of a more or less 
free exposure of the bulb, dejiending, of course, on whether the bulb 
is shallow or deep. The thickness of the bone that can be removed in 
this way along the anterior wall of the sinus without an injury to the 
facial nerve is often as much as 0.5 em. (Fig. 99.) Care must be taken 
in making this opening into the bulb not to extend the chiseling too far 
up along the posterior surface of the petrous bone for here there is 
danger of opening into the posterior semicircular canal. 
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In connection with the surgical relation of the lateral sinus it 
should be mentioned that this structure seires as the best guide for 
the opening of a cerebellar abscess. These abscesses He usually some- 
where along the posterior surface of the petrous bone in front of the 
lateral sinus. To attempt to drain such an abscess by an opening back 
of the sinus is more difficult because of tlic great distance from the sur- 
face. The best route by whieli to roach these abscesses is by making 
an opening in front of the lateral sinus. If the anterior wall of the 
lateral sinus is followed and the chiseling is not carried too far for- 
ward it is possible to expose the cerebellum without an injury of the 
posterior semicircular canal provided tliat tlie abscess is not secondary 
to a labyrinth suppuration. 
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The surgical anatomy of the labyrinth is best explained in con- 
nection with the operation on the labyrinth. In this connection atten- 
tion may be called to the relations of the labyrinth to the middle 
ear' chambers. In the eavum tynipani the capsule of the labyrinth is 
freely exposed. The jiromontory on the inner wall is formed hj the 
large turn made by the beginning of the basal coil. By chiseling from 
the lower edge of the fenestra vestibuli a free opening into the vesti- 
bule is made and in removing the promontory free drainage of the coch- 
lea is accomplished. In removing the promontory the relation of the 
bulb of the jugular shown in Fig. 98 .should be kept in mind. In 
just such a caj^e the author has opened the bulb while removing the 
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promontory. The apex of tlie coelilea can be exposed by cliiseling for- 
ward from the anterior margin of the oval window. The apex of the 
cochlea lies internal to the tympanic orifice of the Eustachian tube. 
Its relation to the internal carotid lying just posterior or external to 
this structure makes it necessary to exercise great care when working 
in this region. 

Two of the semicircular canals come into more or less close rela- 
tion to the middle ear cavities, the horizontal and the superior. The 
capsule of the horizontal canal forms a white glistening prominence 
readily seen in opening the antrum. It lies in the floor of the recessus 
epitympanicus at the point where this opens into the antrum. The re- 
lation of the superior canal to the middle ear is not nearly so intimate. 
It lies just above the anterior end of the exposed part of the horizontal 
canal. In this way its anterior cms is readily exposed by chiseling 
above the prominence of the horizontal canal and directly over the oval 
window. In opening this canal the position of the facial nerve along 
the upper margin of the oval window must not be forgotten. The pos- 
terior semicircular canal does not come into close relation to the mid- 
dle ear. It can be reached by removing the triangular piece of bone 
between the superior and the horizontal canals. 



CHAPTER IV. 



EXTERNAL OPERATIONS ON THE LARYNX, PHARYNX, UPPER 

ESOPHAGUS, AND TRACHEA * 

By George W. Crile, M. D. 

Special Difficulties and Dangers. 

The technic of external operations upon the upper air passages and 
the esophagus would be simple enough were it not for certain special 
difficulties and dangers peculiar to these operations. It is well there- 
fore to first consider these, that the full significance of the various steps 
of the operations to be described later may be more fully appreciated. 

Pneumonia. — ^Pneumonia following operation on the upper air 
passages is due in most instances to one of two causes: (a) the 
inhalation of blood or mucus, and (b) the inhalation of infected wound 
discharges. These injurious inhalations occur usually in the course of 
the operation, although occasionally the postoperative oozing is in- 
haled. These dangers may be prevented in part by scrupulously main- 
taining a dry field during the entire course of the dissection. This is ac- 
complished by picking up everj^ vessel large enough to be considered at 
all, either before dividing it or immediately after it had been divided. 
In this manner the field will be kept so clear of blood that all an- 
atomic structures may be easily seen and identified. During the 
later stages of the dissection the vessels which have been picked up 
may be ligated with either light catgut or light. silk. While this man- 
ner of dissection may at first seem to be tedious, it will in the end 
prove the quickest method, and is the method of choice in dissections 
for the exposure of the larynx, pharynx, trachea, or esophagus. When 
the field of operation has been reached, however, the prevention of 
blood inhalation becomes quite a different problem, because the blood 
supply of the mucous membrane is maintained principally by terminal 
arterioles which cannot be effectively controlled by ligation. At this 
point in the operation one of two courses may be adopted. The 
patient may be placed in a head-down, inclined posture at such an 
angle that the blood will gravitate away from the lung; or by the 
hypodermic use of novocain and adrenalin the trachea, the larynx, 

'Operations within the larynx through external incisions will be considered in the chapter on 
endolaryngeal operations. 
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and the pharynx may be entered without resultant coughing or ma- 
terial oozing. If the mucous membrane has been locally anesthetized 
the bleeding may usually be controlled by the local application of 
pledgets of cotton saturated with adrenalin pressed firmly against the 
bleeding points by hemostatic forceps. The further control of hemor- 
rhage depends upon the circumstances of the individual operation. If 
conditions permit, a rubber tube which snugly fills the trachea or even 
distends it will entirely control the dangerous factor of blood inha- 
lation. 

There are both advantages and disadvantages to the control of 
hemorrhage by posture, for the amount of hemorrhage, especially of 
venous hemorrhage, is increased by gravity. Then too, the head-down 
position is less favorable for the operator. The direct control method 
has the advantage of light, accessible position and the minimum bleed- 
ing. The author has rarely found it necessary to resort to the head- 
down posture, although it has sometimes been temporarily used during 
some phase of an operation. Occasionally, of course, a great emer- 
gency may exist in whicli the head-down posture is urgently demanded. 

Local Infection. — The next great danger associated with opera- 
tions on the upper resj)iratory tract is that of local infection, for it 
may happen that after the air ])assages have been opened a serious 
local infection will spn^ad ovcm* the contiguous territory and along the 
deep planes of the neck. The occurrence of some infection must be 
taken for granted, but it is for us to consider by what means the 
amount and the virulence of the infection may be diminished and how 
it can be localized. In the first place, the danger may be minimized 
in advance by canvassing all of the contiguous territories and mak- 
ing sure that there are not present any active foci of infection, such 
as decayed teeth, pyorrhea, alveolar abscesses, discharging sinuses, 
peritonsillar abscess, pharyngitis, or purulent rhinitis. At the time 
of the operation itself we nuiy control the local severity of the infec- 
tion by using only sharp dissections and l)y mininiizing to the utmost 
the trauma of surrounding tissues; by leaving no oozing of blood; by 
making careful decisions as to the immediate closure of the soft parts 
overlying the wound; and by using iodoform packing if there must 
be any wound in the soft parts of the throat and neck. When infection 
has l>een inaiigurat(»d there an* no b(»tter therai)eutic measures than 
the hot pack and the inhalation of medicated or plain steam. 

Mediastinal Abscess. — After pneumonia, mediastinitis and 
mediastinal abscess have been the most fatal after results of the 
operations we are considering. The onset of infection is usually a 
week or ten days after the operation, and is characterized by a steeple- 
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chase temperature, not high, and always remitting in the morning. 
There is usually but little pain, and the course of the disease is toward 
slow, but certain death. In many respects it resembles the retro- 
peritoneal abscesses which also come late, are almost painless, progress 
slowly, show a steeplechase, but low temperature curve, and end usually 
in death. The explanation of the characteristic, painless, tedious and 
fatal course of mediastinal abscess is probably found in the fact that 
this region of the body has always been protected from wounds by the 
bony chest wall. Being closed to wounds through the vast periods of 
man's evolution, it has been closed likewise to infection. The tissue 
of this protected region, therefore, has not been endowed with the 
elements required to efficiently meet and overcome infection as have 
been, for example, the peritoneum and the external parts of the body. 
In view of this fact, we nmst guard this helpless territoiy with special 
care. 

As we have shown that preoperative measures may in large degree 
prevent the extensive course of local infection, so the danger of 
mediastinitis may be guarded against l)y preoperative protection. If 
in the course of a laryngectomy, for instance, the divided trachea is 
stitched to the skin, there is great danger that subsequent coughing 
will cause it to become detaclied. Its moorings having been lost, it 
will be thrust back and forth, in and out of the thoracic box, like 
the piston of an engine. Mediastinal infection will be the almost 
inevitable result. If, on the other hand, the free end of the trachea 
is not fixed by sutures, but is held by gauze packing about it, then 
the trachea will retract within the thoracic cage like the head of a 
turtle, and again infection must result. It is obvious, then, that the 
trachea should be so fixc^l by preliminary opc^ration that there may 
be produced an invincible barrier of granulations extending across 
the base of the neck and the entrance to the thoracic cage. There 
are two methods by which this may be done: The ordinary simple 
tracheotomv will fix the trachea and will stimulate the formation of 
efficient granulation tissue; or exposing the trachea and the lower 
larynx and packing the lateral planes of the neck with iodoform gauze 
will result in the production of granulations and in fixing the trachea 
so firmly that coughing cannot break its moorings. I]acli of these 
methods of itself alone has certain advantages and disadvantages. The 
simple tracheotomy is not so certain a safeguard against infection of the 
mediastinum as is the latter method, and it does not result in so firm a 
fixation of the trachea in the deeper part of the neck; but it has the 
advantage of establishing a strong defense mechanism in the mucous 
membrane of the trachea itself. On the other hand, the packing of 
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the deep planes with iodoform, while otherwise an ideal protection, 
does not supply the protective defenses in the mucous membrane of 
the trachea. An ideal defense, then, is found in a combination of the 
two operations, that is, in opening and packing the deep planes of the 
base of the neck, and at the same seance making a low tracheotomy. 
By this means the mediastinum is put under strong guard, and at the 
same time the later technic of the operation is measurably reduced. 

Vagitis. — Thougli a less frequent risk than those we have described, 
vagitis represents a formidable and special danger. In the course 
of the convalescence following laryngectomy, usually after the fourth 
day, a group of new symptoms is occasionally introduced; the pulse 
becomes very rapid and irregular in rate and rhythm — it may jump 
from 90 to 140 in a few minutes; the heart's action becomes tumultuous 
at times; the patient is quiet or perhaps a little apprehensive. Death 
from vagitis has been reported, though in the author's cases the symp- 
toms passed after a rather boisterous course of a few days. It is 
probable that the trunks of the vagi have become involved in the 
wound infection and as a result these nerves have been rendered unfit 
to properly conduct stimuli. Hence there arises the striking conflict 
between the vagus and the accelerator control, the picture being very 
similar to the ininuHliate (effect of crushing or dividing both vagi 
simultaneously. As a protection against this, one might utilize the 
well-known physiologic fact that the division of one vagus causes no 
notable change in the heart's action. In the course of extensive dis- 
sections for the wide excision of cancer of the neck, the author has eight 
times excised a portion of tlie trunk of one vagus. Close observation 
of the pulse and respiration detected no change nor was any later 
alteration obsen'ed. Following this indication, then, at the preliminary 
operation one should carry the dissection on one side of the larynx all 
the way to the upper margin of the field of final operation, and should 
pack this territorj^ with iodoform gauze just as the deep planes of the 
neck are packed. By this procedure one vagus must take the brunt 
of exposure and adjustment before the larynx is removed. By the 
time the laryngectomy is done this vagus would be readjusted and 
ready to resume its function in case it was affected at all, and so the 
heavy onslaught of the vagi upon the heart would not be made by 
both vagi simultaneously. In the case in which the author tried this 
plan it seemed to be completely effective. When vagitis has become 
established there is little that can J)e done to alleviate it, although 
hot applications are apparently of some sendee. 

Reflex Inhibition of the Heart and Respiration Through Me- 
chanical Stimulation of the Superior Lar3nigeal Nerves.— This is a 



LARYNX, PHARYNX, UPPER ESOPHAGUS, AND TRACHEA. 129 

minor phenomenon peculiar to the surgery of this region, but it is 
reported to have resulted in several deaths and has caused much 
anxiety and trouble to those who have never known of its existence 
and who have not known liow to interpret and obviate it. In a 
laryngectomy the terminals of the superior laryngeal nerves in the 
larynx and on the surface of the rima glottidis are of necessity dis- 
turbed, and the trunks of these nerves are divided in the course of 
operation. The function of the laryngeal nerves is the protection of 
the pulmonary tract from the entrance of foreign bodies. The slight- 
est touch of their endings, therefore, causes a cough reflex, and a 
strong contact will cause an inhibition of respiration and of the heart. 
The nerve supply of the trachea has no such function, but the area of 
distribution of the inhibitory nerve endings extends over a part of the 
pharynx and a part of the posterior nares even. Fortunately, we have 
an absolute protection against this dramatic and sometimes dangerous 
phenomenon, in the hypodermic administration of 1/100 grain atropin 
(adult dose) before the operation. In addition a spray, a local appli- 
cation, or the local hypodermic injection of novocain will control abso- 
lutely the inhibitory reflexes. 

Selection and Care of Tracheal Cannula. — The last special diffi- 
culty which we shall consider relates to the after-care of the patient, 
and refers to the selection and care of the tracheal cannula. After 
trying many kinds of cannula?, the author has found that the common 
male or female curv^ed cannula, or plain rubber tubing even, will 
answer all purposes. The greatest care should be exercised in adjust- 
ing the metal tubes so as to prevent pressure necrosis. Rubber tubing 
is preferred by some patients, but the metal tubes usually are best. 
A rubber tube drawm over a metal tube is perhaps the easiest to wear, 
but the author has found that patients become careless by their 
familiarity with danger and will wear loose-fitting tubes. This point 
was strongly impressed on the author by the difficulty once encoun- 
tered in extracting a rubber tube that had slipped off the metal tube 
and had been carried deep into the trachea. After a stormy session 
in which the patient almost suffocated, the tube was caught by groping 
deep within the trachea with a curved hemostat forceps and it was 
extracted while the patient was unconscious from asphyxia. In time 
all laryngectomy cases get along without tubes. In fact, in recent 
cases the author has been able to dispense altogether with tracheal 
tubes, both at the time of the operation and ever afterward, and the 
author's patients have all preferred to get along without phonating 
apparatus. 
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Operations on the Trachea. 

Tracheotomy. — A tracheotomy may be high or low, an emergency 
or a planned operation. There is but little difference between the 
technic of the high and the low tracheotomy, but there is a vast differ- 
ence between planned and emergency operations. The latter will 
therefore be described separately. 

Emergency Tracheotomy. — Foreign bodies in the larynx or 
trachea, the pressure of tumors, the closure of the trachea by the swell- 
ing of previous strictures, the pressure of an abscess, the encroachment 
of malignant tumors of the thyroid or other tissues, the closure of the 
larynx by intralaryngeal tumors, at first gradual but finally sudden, 
and many other causes of obstruction may demand an emergency 
tracheotomy. Then, too, the trachea may collapse during the removal 
of a large obstructing goitre — especially if the operation is being per- 
formed under ether anesthesia. Whatever the cause, this emergency 
presents one of the most dramatic of surgical crises. Under the urgent 
necessity, it is usually a laryngotomy and not a tracheotomy that is . 
performed. But in the presence of an emergency when a life is flicker- 
ing fine distinctions are lost. 

In emergencies which occur in the course of operations upon 
patients who are laboring against resi)irator}^ obstruction there are 
several very important points to be considered in the effort to prevent 
respiratory collapse. First, the patient must be kept free from ex- 
citement, — by morphin and atropin if personal influence be insuffi- 
cient. Under excitement resi)iration is accelerated. The resultant in- 
crease in the exchange of air at once accentuates the diminished space 
at the constriction and mak(»s the patient feel acute symptoms of suf- 
focation, whereas quiet breathing can be accomplished easily through 
a smaller aperture. Second, a little mucus may precipitate respira- 
tory obstruction. Happily, the secretion of nuicus may be wholly 
controlled by the use of atropin. Third, a general anesthetic is abso- 
lutely contraindicated when a patient is exerting more than the normal 
muscular action in effecting an exchange of air, especially when he is 
using the extraordinary' muscles of respiration. The author has seen 
instances of the fatal error of giving a general anesthetic to such a 
patient. Inhalation anestliesia paralyzes the extraordinary muscles 
of respiration. These muscles are used only when enough oxygen to 
sustain life cannot be s(»cured by the action of the ordinary muscles of 
respiration. Under these circumstances therefore the extraordinary 
muscles become vital. 

Therefore, in cases of respiratory obstruction in which the extraor- 



LARYNX, PHARYNX, UPPER ESOPHAGUS, AND TRACHEA. 131 

dinary muscles of respiration are used, the operation must be per- 
formed under local anesthesia — and if by chance there is no local 
anesthetic available it must be done without anesthesia of any kind. 

The ideal state for operation in the presence of partial obstruction 
is the general quiescence produced by morphin, local anesthesia being 
secured by the use of novocain. When an emergency tracheotomy is 
to be performed, it is best to put the patient quickly in the Trendelen- 
berg posture so that the bleeding, which under the influence of 
asphyxia is sure to be increased, may not be inhaled and cause a septic 
bronchitis or pneumonia. In emergencies the probability of blood 
inhalation is so great that the patient should at once be placed in the 
Trendelenberg position. The trachea should not be opened by a 
plunging incision, a procedure which has brought many a promising 
attempt to grief. An orderly but accelerated dissection whereby the 
operator may distinctly see the tracheal rings yields the quickest 
relief even in the hands of master surgeons — indeed it is by performing 
controlled operations that one becomes a master surgeon. As soon 
as the trachea has been perforated nothing but bad technic can cause 
the patient to suffocate. If the soft parts are sufficiently retracted 
by instruments or lingers or both so that the blood is kept out, the 
patient will do all tlie better. As for the tracheotomy tube any piece 
of rubber tubing will answer. In the absence of rubber tubing or 
tubing of any sort the tracheal rings may be stitched to the skin on 
each side. After an emergency opening of the trachea which has been 
performed under the partial anesthesia of asphyxia, the patient will 
rapidly revive under a nonnal supply of oxygen though his suffering 
will be great. Morphin should tlierefore be given as quickly as possi- 
ble. In the management of the excited patient upon whom an emer- 
gency tracheotomy is performed it is important to take extraordinary 
care to prevent further excitement or further pain. Such a patient 
needs rest and quiet to regain normal composure. 

Plaimed Tracheotomy. — The selection of the position for a trache- 
otomy depends entirely upon the condition for the relief of which the 
operation is to be performed. Technically, indeed, two considera- 
tions might seem to influence the choice of the i)osition of the opening. 
The upper portion of the trachea is the most accessible, but at this 
point the thyroid renders the dissection difficult; in the lower portion 
of the trachea the thyroid does not interfere with the dissection but 
here the trachea is much more deeply situated in the neck. In a con- 
trolled operation, however, neither the thyroid above nor the deep 
position of the trachea below need interfere with the selection of that 
point which wuU best serve the purpose of the tracheotomy. A trans- 
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verse incision througli the skin leaves the best ultimate scar, — an 
important consideration. It is an interesting fact that, since folds and 
creases are normally transverse or oblique, a vertical scar at once 
fixes the attention, while a greater scar even is unnoticed if It be 
placed obliquely or transversely. A transverse skin incision presents 
but little more technical difficulty than an ample vertical one. A con- 
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trolled technic so easily sunnnnnts this obstacle that the patient should 
whenever possible be given the advantage of the transverse incision. 

The patient is first placed in a quiet and apathetic condition by 
means of a moderate dose of morpliin or of morphin and scopolamin. 
No inhalation anesthetic is used. 
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The skill and subcutaneous tissues are infiltrated with 1/400 solu- 
tion of novocain. (Fig. 101.) The area of infiltration is put under 
immediate pressure to extend the anesthetic field. In dividing the 
tissues sharp dissection only is used and the field is kept clear and 
translucent by dividing the vessels between forceps or, when this is 
impossible, by clamping tliem immediately after their division. 

The wound should be retracted as lightly as possible. If the line 
of incision necessitates the division of the thyroid the same bloodless 
dissection should be made. If the lateral lobes of the thyroid are 
fused in the median line tlie gland may be grasped in forceps on each 
side of the proposed line of incision and divided. (Fig. 102.) After com- 
plete division of the thyroid the cut margins may be secured against 
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bleeding by the insertion of button hole stitches with a curved needle. 
When the trachea is freely exposed it is carefully infiltrated with 
novocain- — first, the superficial layers, then gradually and slowly the 
deeper parts of the tracheal wall, — care being taken not to allow the 
needle (which should be a fine one) to penetrate beyond the advanc- 
ing zone of infiltration. The needle point should always be in 
anesthetized tissue so that the tracheal wall, including the keenly sen- 
sitive mucous membrane, may be anesthetized without causing a single 
cough. The addition of adrenalin to the novocain solution makes 
possible the opening of the trachea without pain and with little or no 
oozing. The prevention of oozing is an important point, first, because 
blood should be scrupulously excluded from the trachea as a pro- 



134 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. • 

teetiou against subsequent infection; and second, because the trickling 
of even a drop of blood down into the trachea will incite violent cougli- 
ing and the strain of the cougliing will in turn increase the oozing 
because of the increased blood i)ressure caused tliercby. This in- 
creased oozing again causes still more coughing and so a vicious circle 
is established. Such a vicious circle cannot well be immediately broken 
by sponging the blood because of the violent motion of the coughing, 
and the sponge by touching the anesthetized tissue of the trachea will 
set up more coughing and hence defeat its purpose. If in spite of pre- 




cautions oozing into tlie trachea does occur one can only wait until an 
adjustment takes place and the patient becomes quiet. 

In dividing the traeliea the operator may choose between a trans- 
verse division between the tracheal rings, or a vertical division passing 
through the rings. The transverse incision closes more readily than 
the vertical but it does not offer quite so free an opening. Trache- 
otomies performed for temporary purposes, therefore, should be trans- 
verse; but for the long continued use of a tracheal tube — especially 
if the tube is to be handled by inexpert hands, the vertical incision 
is better. 

As soon as the trachea is opened the mucosa should be anesthe- 
tized with a two per cent solution of novocain. Meanwhile the trachea 
is Iudd open with sucli an instrument as a small single hooked tcnaculuiu 
to provide for an abundance of air. (Fig. 103.) 

The technic of the low traclieolomv is the same as tliat for the 
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high tracheotomy. It may be well to mention two rather surprising 
facts, however, the extraordinary depth of the trachea low iu a thick 
neck, a deptli which apparently increases in a restless patient, and 
the astonisliingly extensive excursion of tlie trachea in the act of 
coughing. 

In this connection one sees a remarkably beautiful dynamic adapta- 
tion in the contraction of the %'arious muscles of the neck to prevent 
rupture of the pleura. Wore it not for the strong protection offered 
by tlie neck muscles the pleura at the apices would surely be ruptured. 

Tracheal Tube.— Among the many types of tracheal tubes the 
standard curved raetal cannula consisting of an inner and an outer 
tube — gives the best service. (Fig. 104.) 

An albolene or other oil spray applied fo the tracheal mucosa is 
an added protection against secretions and atjainsf too much diying 




of the air which is now deprived of the moisture and perhaps wannth 
that it gains in passing through the upper air passages in normal 
breathing. At all events the liberal use of an oil spray not only adds 
to the comfort of the patient but also reduces the tendency to dessieation 
of small masses of mucus in tlie neighborhood of the tracbeal tube. 

After-care of the Patient.— The highly efficient after-care of 
IraclicotoMiy ]ialifiils i^ iii(k'i-d ti difficult achievement. There is an 
ejiormous dilferencu between tlie efficiency of a nurse after exi>erience 
in the care of tracheotomy cases and in her fir.st case. It is well to 
specialize such work. For tlie propter care of her patient the nurse 
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requires a supply of feathers trimmed down in sucli a manner that the 
inner tube may be promptly cleared of mucus as soon as the peculiar 
mucus noise is heard. At first the patient tends to become panicky 
whenever any mucus obstruction exists, and the inexperienced nurse 
may share tlie patient's apprehension, — surely an unhappy atmosphere. 
The experienced nurse learns to manage the mucus so that there is 
only an occasional necessity to remove and cleanse the tube. 

The first removals of the tube should be done by the surgeon 
since the excitement and the coughing may cause a certain amount of 
obstruction which may throw the patient into a panic. Under these 
conditions the effort to replace the tube may increase the obstruction, 
cause bleeding, disturb the local field and so do much harm. Until 
the granulations produce a living mould of the tube and thus guide it 
to its place it is best in replacing tlie tube to use a pair of slender 
retractors — by means of wliich tlie opening in the trachea may be 
brought into view. The tracheotomy tube will then readily drop into 
place. 

The air of the patient's room should be kept evenly warm and 
moist and may be medicated by vaporizing pine needle oil. The moist 
air and a piece of gauze moistened w4tli salt solution placed over the 
tracheal tube will decrease the desiccation of the secretions about the 
tube — and will maintain a higher temperature in the trachea. The 
inhalation of cold air per sc is not harmful as the ordinary cold air 
breathing shows; cold air may produce a different effect, however, 
when one part of the respiratory tract is cool and the remainder re- 
mains wai-m just as one usually catches no cold when entirely naked 
but readily takes cold if there is only a partial exposure of protected 
parts. 

The tracheal tube and the entire wounds should be protected by 
gauze which should be changed frequently. The patient may sit or lie 
in any desired posture, though sitting is usually preferable. The entire 
chest and neck should at all times be well covered with oil over which 
a pneumonia jacket is placed. Cold drafts in the room are especially 
to be avoided. Nourishment should be well maintained. It is most 
important to keep the wound free from pus accunmlation because the 
inhalation of wound discharges is a distinct danger. If there is no 
contraindication, such as an existing o])struction, it is well occasionally 
to remove the tube for a time, especially if the patient is fretting 
about the irritation. If the general precautions are scrupulously ob- 
served the great danger of tracheotomy, tracheobronchopulmonary in- 
fection may be avoided. 

It has been an agreeable surprise to observe the facility with 
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which patients care for their traclieal tubes after they liave become 
adjusted. It is done as a matter of routine and with the precision 
accompanying any other detail of tlie daily toilet. The author has 
had patients retain tracheotomy tubes for as long as twelve years 
before the opening was closed. 

» 

Closure of a Tracheotomy. — The ultimate closure of a tracheotomy 
is easily accomplished. The entire scar is bloodlessly separated from 
the normal tissues surrounding it just as the scar is dissected out in 
a case of hernia following abdominal drainage. When the dissection 
has reached the tracheal wall, the infiltration with novocain and 
adrenalin is most carefully extended throughout the basal attachment 
of the scar before the separation of the scar is attempted. After the 
excision of the scar the soft parts can very readily be brought together 
into their normal relation in the median line. It is unnecessary to 
suture the trachea directly because on the release of the scar the parts 
will show a surprising tendency to fall together even after many years 
of separation. The author has found that the wound heals by first 
intention and that afterward there does not remain a dimple or a 
depression even. If the original skin incision was tranverse there 
will soon be no noticeable scar to mark the place. 

The cases in which the tracheal tubes were worn longest were 
those in which there were laiynx-filling papillomata in little children. 
In three such cases a successful issue was finally reached — in one after 
twelve years, in another after nine years and in the third after fourteen. 
The patients were inspected at various intervals. Particularly note- 
worthy was a case of Dr. W. R. Lincoln — in which after fourteen 
years the larynx was found to be free. The tracheal tract was then 
closed. During this time the larynx grew normally though it had 
been but slightly used. 

Cicatricial Stenosis of the Trachea. — Cicatricial stenosis of the 
trachea usually follows syphilitic ulcerations, decubitus from wearing 
intubation tubes, and ulceration from other causes. 

This condition presents a very difficult problem. If the trachea 
be opened merely, the scar dissected out as neatly as possible, and 
the trachea then closed, recurrence is quite sure to occur. Dissection 
followed by the insertion of a tube gives no better results. The 
presence of the tube apparently increases the reaction which is 
marked by the formation of even more scar tissue. In the author's 
opinion there is but little hope in any method except in resection of 
the trachea. This operation offers at least one formidable difficulty 
— the surprisingly great elastic retraction of the trachea toward the 
lung, which exists even in the quiescent state, is greatly increased by 
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coughing. This retraction of course throws a heavy strain on the 
stitches and on the line of healing. This diflBculty can be met by the 
use of mattress stitches of silver wire which include in their grasp a 
ring of the trachea above the stenosis and one below it. A good 
closure is secured by inserting three such silver wire mattress stitches, 
one on each lateral side of the esophagus and one in front, leaving the 
free end long so that it emerges freely from the wound. By twisting 
these wire sutures the apposition of the trachea is readily secured. 
This, of course, can succeed only when the trachea is quite normal. 
If the rings are soft or the tracheal w^all edematous, the method can- 
not succeed. 

In one of the author's cases the tracheal wall was in such poor con- 
dition that the sutures could not hold and it was necessary in the end 
to resort to a permanent tracheal tube. Fortunately there are not 
many of these eases. 

Surgery of the Larjmx. 

Laiyngectomy for Intrinsic Cancer. — The legitimacy of operation 
upon any part of the body, especially those parts the damage of which 
may cause immediate danger to life, depends upon the answers which 
can be given to three vital questions: Will the operation result in 
the cure of the disease? Can the risks be overcome? What will be 
the extent of penuanent disability? So uncertain until very recent 
years have been the answers to these questions as applied to laryn- 
gectomy for cancer, tliat it is not strange that the operation is one 
of the most recent developments in surgical history, having been first 
performed by Billroth in 1874. 

Even after surgeons had become convinced of the possibility of 
the cure of intrinsic laiyngeal cancer by this means it was, and is still, 
most difficult to persuade patients to submit to it — the instinctive objec- 
tion to deep throat operations being the natural outcome of the expe- 
riences of the far distant past when the throat was the point of attack 
in our carnivorous evolutionary ancestors, and it being still the part 
most liable to danger in hand-to-hand conflict. 

Does laryngectomy for cancer result in a cure of the disease! 
Upon our answer to this depends the need for considering the other 
two questions. We still accept Krishaber's classification of laryngeal 
cancer as intrinsic and extrinsic. As the term implies, intrinsic laryn- 
geal cancer starts within the larjTix itself in the vocal cords, the ven- 
tricular bands or the parts below; while the extrinsic form starts in 
the epiglottis, the arytenoids or other parts outside the larynx proper. 
Intrinsic cancer, then, is contained within a hyaline cartilage box, and 
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is in large measure cut off from the possibility of lymphatic Involve- 
ments; while the extrinsic form grows rapidly and can easily and early 
extend through the lymph channels. 

Early diagnosis and removal is the keynote of safety in cancer- 
ous growths anywhere, and laryngeal cancer makes itself known almost 
at once, since from its very beginning the probability of its presence 
becomes evident in the persistent hoarse voice of the patient. We may 
say then, that intrinsic laryngeal cancer exists, as it were, in a safe 
deposit box. It early announces its presence and has but feeble power 
of extensive invasion or of metastasis. We conclude, therefore, that 
this form of cancer of the larynx is curable by excision. Extrinsic 
cancer, on the other hand, is rapidly fatal, and operation for its relief 
is at best but a desperate remedy. 

What is the surgical risk? The author has performed twenty- 
seven laryngectomies for cancer with two operative fatalities; one 
death resulting from mediastinal abscess, the other from necrosis of 
the trachea with a consequent septic pneumonia. This makes a mor- 
tality rate of seven plus per cent, a rate which compares favorably with 
that of excisions for cancer of the tongue, of the stomach, and of the 
rectum. 

What is the permanent disability of the patient? Those princi- 
pally feared are impainnont of speech, disfigurement, and a predispo- 
sition to pulmonary diseases and accidents. As to speech impairment, 
all patients acquire a buccal whisper which serves the purpose of 
speech remarkably well. One of the author's patients is at the head 
of a large industrial corporation; another is a judge; another is fore- 
man in a public works department; another became a popular barber; 
still another is managing a small coal sales agency; one housewife ap- 
parently gets on well enough; and a farmer has managed his flocks and 
his teams in silence. The speech defect, to be sure, is great, but it can 
be compensated for to a remarkable degree by the development of the 
buccal whisper, the use of gestures and other forms of primitive lan- 
guage, and by the adaptation of those individuals who come into daily 
contact with the patient. 

The disfigurement may be well covered by wearing various kinds 
of cravats or neckwear arranged in such a manner as to allow free 
breathing, and at the same time to diminish the sibilant sounds of the 
changing air currents. 

As to the predisposition to accident and disease, to the author's 
knowledge there has been no instance of a foreign body in the respira- 
tory tract of any of his laryngectomized patients, nor has there been a 
single case of pneumonia. Not only have his patients shown no ten- 
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dency to pneumonia and bronchitis, but they have been remarkably 
free from nasal colds. 

AVe may conclude, tlien, in answer to our third question, that 
though the disability resulting from laryngectomy is great yet it is 
fairly well compensated for. 

Some years ago the author made an interesting study of the laryn- 
gectomies reported in the medical press from 1874 to 1901. A summary 
of tlie statistics gives significant results. From 1874 to 1876, 12 lar- 
yngectomies for carcinoma were reported with one ultimate cure, mak- 
ing the percentage of ultimate cures 8.33. From 1876 to 1886, 108 lar- 
yngectomies, 21 ultimate cures, percentage of ultimate cures 19.44. 
From 1886 to 1896, 156 laryngectomies, 49 curc^s, ])ercentage of cures 
23.82. From 1896 to 1901, 30 laryngectomies, 20 cures, percentage of 
cures 66.67. The causes of death as reported are those with which we 
still are contending, but which improved technic has helped us in large 
measure to meet. Indeed, the figures just given show the increasing 
confidence of surgeons and patients in operative relief for this distress- 
ing disease, a confidence well supported by the rapidly decreasing 
mortality rate. 

Anesthetic in Laryngectomy. — Before i)roc(*eding to the detailed 
technic of laryngectomy, some special statement should be made re- 
garding the manner of administering the anesthetic. It should be 
borne in mind that the administration of the anesthetic should be so 
planned that the operator may be unhampered in his technic, that the 
anesthetist may give an even and safe anesthetic, and that there may 
be no inhalation of blood, while the choice of the anesthetic itself is a 
most important factor. Our general anesthetic of choice is nitrous 
oxid-oxygen. The patient already — it is presumed — in fear of the 
possible suffocating results of a laryngeal operation, takes this anes- 
thetic without the terrifying suffocating symptoms caused by ether, 
and is quickly under its influence without a struggle. We have proved 
also by laboratory investigations that while nitrous oxid does not 
alter the immunity of the patient, ether on the other hand tends to 
impair the immunity. Since nitrous oxid-oxygen, however, should be 
given by the trained anesthetist only, the following technic is equally 
applicable to the administration of ether. In our discussion of medi- 
astinitis we have described the preliminarj^ tracheotomy by means of 
which the trachea has become firmly fixed in its position. (Fig. 105.) 
At the time of operation the tracheotomy tube is removed and a well- 
lubricated snug-fitting rubber tubing a foot or more long is slowly and 
carefully slipped into the trachea. The rubber tubing being slightly 
larger than tlw trachea, the latter is dilated and the nibber tube com- 
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pressed, so that a fluid-tight fit results. By this means, the entrance of 
any blood into the respiratory tract ia prevented. (Fig. 106.) The 
long piece of rubber tubing may then be attached to the nitrous oxid- 
osygen apparatus, or it may be joined to a special apparatus consist- 
ing of a funnel covered with gauze upon which ether may be dropped. 
By this arrangement the anestlietist is at a distance from the field of 
operation and is unhampered by the operator, while the operator on 
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his side Is unhampered by the anesthetist. There results an even anes- 
thesia and the best opportunity for a well controlled operation. 

To prevent nocuous impulses from the field of operation from 
reaching the brain, and as a protection against the excitation of special 
rcfiexes through the mechanical stimulation of the trunk or terminals 
of the superior laryngeal neiTes, novocain is used as a local anesthetic. 
The manner of its administration will be given in tlie description of 
the operative technic, 

Technic of Laryngectomy.— First the skin is thoroughly infiltrated 
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with novocain along the median line from a point ahove the Iiyoid bone 
to the tracheotomy opening. The tissues are divided down to tlie box 
of the larynx, the divisions of the platysraa and of the other soft parts 
being preceded also by novocain infiltration. The dissection is then 
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carried down ahmji tlic lateral aspects of the larynx until tlie larynx is 
completely freed. If tliere is lack of free working spa<?o at the upper 
end a lateral incision is made parallel with the hyoid. The thyrohyoid 
muscles above and the stemothyroid muscles below are severed. So 
far as its muscular attachments are eonoerned, the larynx is now com- 
pletely mobilized. If the laryngoscopic examination lias fixed accu- 
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rately the limits of the neoplasm, the level of the division of the larynx 
may be predetermined, and the next step will be the division of the 
trachea or the cricoid at a level free from disease. Before tliis last 
division is made, however, novocain is infiltrated into the mucosa 
throughout the entire length of the proposed division. By this means 
the terminals of the superior laryngeal nerves are completely blocked 
and the mucosa may be divided and the larynx opened without causing 
a change in the re.'ipiration or the cireulafion. IE the patient is old 
and the cartilage is ossified it is necessary to exert the greatest pre- 
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caution in dividing the larynx in order that the esophagus may not 
be in.iured. The divided end of the larynx is next raised up and the 
attachment between the larynx and the esophagus is divided with 
knife or scissors. (Fig. 107.) In a short, thick neck the wings of the 
larynx which extend down laterally to protect each side of the 
esophagus, are divider! with scissors. The dissection is then carried 
upward until the upper end of the larynx is reached, where its pos- 
terior wall becomes fused with the anterior wall of the pharynx. The 
upper end of the lar^^lx is then cut free, the larger arteries being 
severed at the very last. Heraostasis must be most thoroughly ob- 
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served throughout the operation. If tlie cancer is intrinsic the lym- 
phatic glands which drain tlie diseased zone should he carefully removed 
with the larynx itself. 

Two important questions now arise regarding the manner of deal- 
ing with the wound: (1) What shall he done with the end of the 
trachea? and (2) Shall the entire wound of the neck he closed! As 
to the trachea, there are two alternatives: It may be freed sufficiently 
to bring it forward and stitch it to the skin, or it may be left where 
it lies, excepting at its very upper end, which may be bent forward 
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and sewed to flaps of skin brought down from each side. The advan- 
tage of the first method is that by this means the trachea is protected 
from the inhalation of wound secretion. The disadvantage is the very 
definite possibility that the loss of blood 8ui>ply may result in 
gangrene of the trachea. This did occur in one of the author's cases. 
The objection to leaving the trachea in its natural bed and transplant- 
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ing to it the skin flaps is the fact that wound secretion will almost 
certainly enter if. By giving the wound adequate care, however, this 
danger may be avoided. 

As to the care of the rest of the wound, the author's best pro- 
cedure has been to suture tlie opening in the pliarynx and (Fig. 108), 
if possible, to reenforce this suture by drawing other soft parts together 
over it. The rest of the field is left open, being packed lightly with 
iodoform gauze. (Fig. 109.) "With such a wide open wound the 
secretions may be easily controlled and prevented from entering the 
trachea. The patient shoiiUl be sustained by the fullest diet he can 




be made to take, and by most careful nursing. The sutures in the 
pharynx may not hold, but the formidable-looking wound will close 
very readily by granidation and contraction. 

Laryngectomy is followed usually by a brisk local reaction; but 
since the mediastinum has been protected by the previous gauze pack- 
ing, and the bronclioi)uImonary tract has been given a special defense 
by tlie preliminary tracheotomy, the jintienf is well eijuipijed to meet 
the new condition. 

In the author's twenty-seven laryngcftomios there were two 
deaths, and these two were apparently the most promising cases of 
all. The prognosis in these eases seemed so favorable that the author 



146 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

ventured to discard the full preliminary preparations. In one case 
no preliminary protective operation of any kind was made and the 
patient died at the end of five weeks with mediastinal abscess. In the 
other case a preliminary gauze packing was placed in the neck around 
the trachea, but no preliminary tracheotomy was performed. In this 
case the isolated upper end of the trachea was brought forward to the 
skin and anchored. The entire isolated portion necrosed, as did also 
a portion of the trachea beyond the isolated part. As a result pus was 
inhaled into the respiratory tract below the level of the sternum. An 
autopsy showed no imeunionia and no mediastinitis, but a septic 
tracheitis and bronchitis. Death was the result of local absorption, 
and of absorption from the trachea and from the bronchial mucosa. 
This case demonstrated most conclusively tlie efficiency of the granu- 
lation barrier which is created by a preliminary iodoform packing. 
Had a preliminary tracheotomy been made, or had the trachea been 
allowed to remain in its bed, the patient would surely have recovered. 

In sixteen of these twenty-seven laryngectomies for cancer the 
laryngeal box was so choked with tlu* growth that tracheotomy was 
required to prevent sufTocation. ^Most of tlie author's patients gave 
a long history of hoarseness followed by gradual, though intermittent 
obstruction to respiration. In two cases, there was associated lues. 
One of these hist two cases ilhistvatiMl well the clinical difficultv of 
diagnosis. The lesion was first diagnosed correctly as luetic, and 
under a course of treatment the greater part of the growth disa])peared. 
The residual growth, however, showed a progressive tendency, and 
was later diagnosed as cancer. Laryngectomy was performed and the 
patient is now alive and well, more than three years since his opera- 
tion. The special lesson from this case is that cancer of the larynx, 
like cancer of the tongue, may follow local luetic lesions. There is 
danger, therefore, that the hope of a luetic cure may defer too long 
the laryngectomy which is the only chance for the cure of the cancer. 

Extrinsic Cancer of the Larynx. — As already stated extrinsic can- 
cer of the larynx presents a <lifrerent and a more (lesi)erate prol)lem 
than does intrinsic cancer. Extrinsic cancer is more difficult to attack 
on account of its ])()sition; it is disseminated earlier and more* widelv 
on account of the greater muscular activity of the parts involved. Ex- 
trinsic cancer of the larynx is however more accessible than cancer 
of the tonsil or cancer of the pharynx. The same considerations apply 
to cancer of the base of the tongue. 

In attacking cancer here a ])reliminary tracheotomy is essential, 
wide neck incisions are made, the cancer is exposed most cautiously 
and is thoroughly thermocauteriz(»d. In the further dissection great 
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care must be exercised not to disturb the eschar. After complete and 
wide excision of the cancer the wound should be left wide open for 
the free use of the X-ray. 

In one instance the author excised the base of the tongue, the 
pillars of the pharynx, the pharynx itself, the entire larynx, the hyoid, 
— in short all of the tissues lying between the juncture of the posterior 
and the middle third of the tongue, the upper ring of the trachea and 
the upper end of the esophagus, leaving but a slight covering of the 
vertebraB. This enormous wound looked hopeless for a long time — 
during which the X-ray was used freely — but finally closed completely. 

About four years later metastasis developed in one of the sub- 
maxillary lymphatic glands. When the author saw it, this gland was 
quite large, was inflamed, hugged the jaw closely and involved the 
swollen reddened skin covering it. Again a wide excision was made, 
so extensive that the wound could not have been closed had the author 
so desired. The X-ray was used freely during the process of healing. 
The lower jaw was so closely hugged by the cancer that about one- 
third of the jaw was sawed oflf longitudinally — the sawed fragment of 
bone coming oflf with the rest of the cancer. In due time the wound 
was skin grafted and closed. It has been over five years since this 
last operation and nine years since the first. The patient is now at 
work. He speaks with a sort of a buccal wliisper, — is able to swallow, 
to drink and to smoke with ease and comfort. 

This case taught the author that no one can tell when a case is 
hopeless — for surely this patient seemed to be in a hopeless condition. 
The repair of the mutilations produced by this operation in which so 
many important structures were removed and the consequent recovery 
have been a source of encouragement and inspiration ever since. 

In another case of extrinsic cancer the operation in a local field 
was not so extensive but the lymphatic involvement was much greater. 
In this case the growth had so filled the larynx that the obstruction 
had caused asphyxia, as a result of which the patient had fallen upon 
the street. An emergency tracheotomy was performed, at which time 
one of the lymphatic glands was removed for diagnosis. At the later 
operation the excision was carried laterally so as to include the 
lymphatic gland-bearing tissue on both sides, all of which was removed 
en bloc with the larynx and the base of the tongue. The patient is 
well and hale seventeen years after the operation. 

Stenosis of the Larynx. — Stenosis of the larynx may be due to 
intubations — now infrequently done — or to ulcerations which are 
usually syphilitic. Like stenosis of the trachea — already described — 
stenosis of the larynx is an exceedingly formidable condition. 
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The author has attempted to open the larjTix by splitting it ver- 
tically, dissecting out the scar and then resuturing the incision, but 
the stenosis recurred so promptly that the patient was denied the com- 
fort of a goodly respite even. 

In another instance the author did a hemilaryngectomy in the 
hope that the larynx might adapt itself as it may do in hemilaryngec- 
tomy for cancer — but this did not afford a permanent air space. 

In another case the larjmx was opened wide, the scar was com- 
pletely dissected out and an attempt was made to cover the raw area 
immediately with large and accurately placed skin grafts. The re- 
spiratory tract and the grafts as well were protected by a trache- 
otomy. Despite the utmost care the grafts did not grow. For a time 
they did well, but the patient was a child only four years old and hard 
to control. The author gained the impression, however, that were it 
an adult case and the skin grafts autodermic they might have lield. 
Even then, however, one could not be certain that the scar might not 
again contract. In a child with stenosis of the cricoid referred to the 
author by Dr. W. B. Chamberlain, an attempt was made to remedy the 
stricture by resecting the lower end of the cricoid and suturing the 
trachea and the divided cricoid together by means of silver wire. 
The resection of the strictured cricoid was easily accomplished but as 
the trachea was so much smaller it was difficult to bring it into pre- 
cise tubular apposition. Although a union was secured the stenosis 
was not relieved and the author was obliged to resort to a permanent 
traclieal tube. With our present means the author is unable to see 
much hope in operations for strictures of the larynx. In one case 
massive scar tissue firmly fixed to the box of the larynx. In one case 
the use of thiosinamin was added to the operative procedure, but 
apparently its influence was nil. 

Surgery of the Pharynx and Esophagus. 

Cancer of the Phar3mx and Esophagus. — ^Hitherto cancer of the 
esophagus and of the pharynx has not been attacked as successfully 
as cancer in many other parts of the body. When dealing surgically 
with cancer in these regions it is important to bear in mind that if 
cancer cells become lodged in the fresh wound they are not only likely 
to grow, but to grow with even greater vigor than in the original 
lesion. There is not an abundance of experimental evidence to support 
this statement but ami)le clinical proof is not lacking. The experi- 
mental evidence that is especially pertinent is the following: If a 
piece of cancer tissue from a dog is rubbed on an abraded surface of 
the skin of another dog a cancer is likely to develop from the cells 
which became detached and lodged on the denuded surface. 
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In operations for cancer anywhere if the field is not protected the 
entire raw surface area will be sow^n with cancer cells and a rich 
growth of cancer will spring up over the entire wound surface, will 
grow furiously and usually will cause the death of the patient in less 
time than would the original growth had it been left unmolested. 
This is perhaps the most important point to be considered in the 
treatment of cancer of the pharynx, the tonsil, the pillars or the rima 
glottidis The operation is technically beset with difficulties but no 
instrument, no finger, no sponge, that has touched the cancer surface, 
should be used again, nor should they touch anything else that may 
be used in the operation. The operation vshould not be undertaken 
if its result is to be no more than the implantation of a new cancer 
that may extend even farther than the original growth. The only 
means by which the reim])hintation of cancer cells may be prevented 
is by the immediate and complete destruction of the original growth 
by thermo-cauterization. Care must then be taken to prevent the 
dislodgment of the eschar — and even after these i)recautions have 
been taken it is best to follow the operation by the use of the X-ray if 
the field is accessible. It is wise also to make a verv wide excision 
of the growth, and to remove all the lymphatic nodes which drain the 
involved area. In serious risks it is best to perfonn the operation in 
two stages, first excising the local field, and then after ten days or more 
removing the lymphatic bearing tissue of the neck by a block excision. 
If the growth is located in the tonsil or the pillars it is possible to give 
the anesthetic and to prevent the inhalation of blood either by passing 
tubes through the pharynx and jjacking them with gauze, or by the 
intratracheal insufflation method of Meltzer and Auer. If the cancer 
is still lower down, it is best to make a preliminary tracheotomy and 
introduce as large a rubber tube as the trachea will hold, thus prevent- 
ing the inhalation of blood. In operations on the tonsil the application 
of a Crile clamp on the external carotid artery will minimize the 
hemorrhage. 

Excision of the Tonsil for Cancer. — Bearing in mind the general 
precautions stated above, the excision of the tonsils for cancer is per- 
formed in the following manner : 

1. A tube for the administration of the anesthetic is passed through 
the pharynx and held by gauze packing. 

2. All of the visible growth is completely destroyed by thermo- 
cauterization. 

3. The lymphatic glands w^hich drain the tonsil are excised en hloc 
through a wide neck incision. 

4. The external carotid is closed by means of the Crile clamp. 
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5. If more room is needed the ramus of the jaw is divided. 

6. With the fingers of one hand inside the throat a wide dissection 
is made of tlie base of the gi'owth, extreme care being taken to leave 
undisturbed the eschar surface. Internal as well as external dissection 
should be used if necessary. 

7. The vessels are closed carefully. A curved needle and catgut 
being used if necessary to control oozing in the mouth. 

8. The clamp is removed from the external carotid. 

9. A Lane plate is applied to the divided ramus. The plate may 
cause suppuration, but it will hold the bone in place until union has 
been secured. 

10. The wound is immediately exposed to X-rays if the patient's 
condition warrants it. 

11. The wound is packed with iodofonn gauze — the external wound 
being partially closed. 

Cancer of the Pillars — In operations below the tonsil the best 
procedure is to i)erfonn a tracheotomy and then to open the pharynx 
freely by means of an ample incision just above the hyoid. The same 
procedures as those described in the oi)eration for cancer of the tonsil 
are api)licable here except that the wound in the neck, by means of 
wiiich the exposure is made, is closed at once, and it is not necessary 
to apply temporary clamps uj^on the carotid. It is well to allow the 
tracheotomy tube to remain until the pharyngeal wound is well healed. 

Stenosis of the PhaJTrnx. — The discouraging results of operative 
procedures for the relief of stenosis of the pharynx are well illustrated 
by the following history of one of the author's cases. This patient 
has already undergone twenty-four operations of various kinds in- 
cluding all the intrapharyngeal methods. The author resolved to 
make a wide excision of every vestige of the stricture. A preliminary 
tracheotomy was made, ten days after which the principal operation 
was performed. An incision was made aroimd the anterior half of 
the neck through the skin, i)latysma and fascia. The pharynx was 
then opene<l. With one hand inside the pharynx the dissection above 
and below the stricture could be accurately guided so easily that the 
author was able to make an annular resection including the entire area 
of the scar. By means of a long needle with an eye near the point 
mattress stitches were inserted into the oi)posing pharyngeal walls, 
thus bringing together tliis enonnous opening in the throat. The 
wound healed splendidly, but after some months the stricture recurred. 

The author then planned another type of operation. A long 
perineal needle with an eye near the jmint, threaded with heavy silver 
wire, was passed through the skin of the side of the neck and through 
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all the soft parts down to the base of the stricture. The base of the 
stricture was then pierced, the needle passing into the mouth. The 
silver wire was then detached from the eve and the needle was with- 
drawn until the point was once more external to the base of the stric- 
ture, and was then passed through the small opening in the center of 
the pharynx. The free end of the silver was again threaded into the 
eye of the needle and the needle was withdrawn. In this manner 
one side of the scar was grasped by the loop of heavy silver wire. 
Another wire was similarly inserted into the opposite side and both 
wires were tightly twisted. The purpose of this procedure was to 
form a mucous-membrane-covered fistula analogous to the skin fistula 
one makes when operating for web finger. This was faithfully tried 
but unfortunately the wake of tlie wires filled as fast as they cut their 
way out. The author then abandoned further efforts and made an 
esophagostomy, which appeared to be the only possible means of relief. 

Esophagostomy. — Like tracheotomy and enterostomy, esophagos- 
tomy may be permanent, or it may be used for temporary purposes 
only. The author has many times made use of esophagostomy for a 
temporary purpose, closing it after it has served its purpose. The 
most striking case of this nature was the case of extrinsic laryngeal 
cancer already described in whicli the larynx, the hyoid, a large por- 
tion of the pharynx, the tonsils, the base of the tongue and all of the 
intervening tissue were excised. At the end of the operation no 
pharyngeal mucosa was left. The eso])hagus was stitched up into the 
skin at the side of the neck and was securely fastened with silk 
sutures. The trachea was stitclied to the o])posite side. After a time 
new mucous membrane spread over the pliarynx. The author then in 
several stages freed the esophagus from its attachment to the skin at 
the side of the neck and brought it to the median line. In two more 
seances he sutured tlie large hiatus in the anterior pharynx. After 
a good union was secured the esophagostomy opening was finally 
closed. The patient made an excellent recovery. 

In performing an esophagostomy the important point is to make 
the incision so ample that all the field may be seen clearly. (Fig. 110.) 
The dissection should be so controlled that the recurrent laryngeal 
nel•^^e, the big blood vessels, the vagus and the other important struc 
tures may all be so clearly seen that they cannot be mistaken nor in- 
jured. (Fig. 111.) If each step in the operation — however minute — 
is controlled not the slightest mishap need occur. After the esophagus 
has been reached, however, it is important to avoid extending the 
dissection in the neck the least bit more than is required; for, in the 
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first place, a wide dissection is not needed; and, in the second place, 
the deep planes of tissue in tlie neek have but little power of resisting 
infection. 

If no emergency exists, it is even safer to bring the esophagus 
well up into the wound; to pass a small strip of iodoform gauze around 




it; and to pack tlie wound gently for several days before the esophagus 
is opened. This point is not of sufficient importance, however, to justify 
any loss of time. Tlie H.^ation of the esophagus to tlie skin is most 
safely made by mejins of silk interrupted sutures. (Fig. 112.) 

The author has beeu hajipily surprised to ob8er\-e the ease with 
which patients swallow even when the esophagus is brought to the 
edge of the skin wound. 
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Cancer of the Esophagus.^Caneer of the esophagus is rarely 
cured for usually t!io coudition is not recognized until symptoms of 
obstruction appear, by wLich time the disease has ahnost certainly 
spread into inaccessible territory. 

The tecbuic of rpseetiou of tlic pBophagus for cancer is essen- 
tially the same as that already described for esopliagostomy. The 
incision should be ample enough to expose the cancer for a consider- 
able distance above and 'IkOow the limits of the cancerous tissue. It 
is rarely possible to unite the ends of the divided esophagus. 

Diverticula of the Esophagus.— Operations for diverticula of the 




Fig. 111. 
t;s(i|ili;if[(iHtoniy. Kspusuro of esophagus. 

esophagus jiresent a sharp contrast to those for pharyngeal stricture, 
for the fonner are usually successful. Tlie author has o])erated on 
five cases and found them readily curable. 

Before operation X-ray bismuth pictures should be made to de- 
termine the exact location, tlie extent and the nature of the sac which 
is most commonly situated at the upper lateral aspect of the esophagus, 
often extending downward below the clavicle even. 

The operation is performed in the following manner: 

1. A long vertical incision is made over the middle of the sac. 

2. By sharp knife dissection the sac is exposed, the field being 
kept bloodless and translucent by picking up and clamping each vessel 
either before or at the moment of its division. 

3. The entire pouch or sac is isolated np to its esophageal or 
pharyngeal point of origin. 
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4. The sac is cut oif exactly as one cuts off a hernial sac. The 
opening of the divertieulum is closed by a silk suture preferably with 
a cobbler stitch. The first row of stitches is reenforccd by a second row, 
and a small drain is inserted at the lower end of the wound after clos- 
ing the overlying tissues. 

If the d iverticulnm be high up on the esophagus, especially if it 
involve the pharynx, the patient should not be allowed to swallow 
until the line of union is well eatablislied. As the victims of esophageal 
diverticula liave usually had much experience with throat and 
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esopliageal instrumentation, the insertion of a small flexible tube 
through which nonrishment may bo given will be no hardship. 

One of the author's patients had had anotlier diverticulum re- 
moved twelve years previously. In this case the pharyngeal wall 
was strikingly thin, and in addition to two diverticula the pharynx 
was greatly dilated on the same side. The site of the first operation 
was clearly visible, the scar being sound. Both diverticula were re- 
moved and in addition n large elliptical portion of the dilated pharynx 
waa excised. The result has been excellent. 

Diverticula with narrow necks are of course the easiest to remove. 



CHAPTER V. 



LARYNGOSCOPY. TRACHEOSCOPY, BRONCHOSCOPY. ESOPHAGOSCOPY, 

AND GASTROSCOPY.* 

By Harris P. Mosher, M. D. 



THE DIRECT EXAMINATION OF THE LARYNX. 

Historical. — Kirstein in 1894 introduced the direct method of ex- 
amining the larynx. The instrument with which he accomplished the 
exposure of the larynx was an elongated tongue depressor with hoods 
of various sizes. Killian took up the procedure, and changed the flat 
speculum of Kirstein into one of tubular form, systematized the steps 
of the examination and won from the medical profession the recogni- 
tion of its great value. The foresight and enthusiasm of Killian have 
been supplemented by the great inventive ability of Briinings. The 
result of the labors of these men has been that a number of instruments 
are available today for the direct examination of the larynx. 

The advantages of the direct examination of tlie larynx are self- 
evident. It is the natural method. The physician works upon the 
larynx in the same fashion that a surgeon works upon any other part 
of the body. Manipulations in the larynx carried out under the guid- 
ance of a mirror, are executed round a right angle comer with the ante- 
rior and posterior positions of the various parts of the larynx reversed. 
The indirect method of examining and operating upon the larynx must 
be credited with very great accomplishments, and it will always be 
employed, but the special workers of the coming generation will turn 
instinctively to direct manipulations upon the larjmx rather than to 
the older procedure. 

Contraindications. — Absolute contraindications to the employment 
of direct inspection of the larynx are seldom found. Chief among 
these is a high grade of dyspnea. The direct examination should not 
be attempted in severe cases of uncompensated heart lesions, or in a 



*This article is based upon the writings of Brunings, Kahler and Jackson. The author's own ex- 
perience furnishes a certain small part. Epitomes of new work, and such in great measure is this article, 
must go to the original sources for the facts. This the author has done. He wishes here to make full and 
grateful acknowledgment of his indebtedness. 
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case of advanced aneurism. Intractable gagging in spite of thorough 
cocainization is not so much a contraindication, although the result is 
the same, as it is an insurmountable obstacle. Where the direct ex- 
amination proves to be impossible, it is generally due to uncontrollable 
reflexes. However, imless there is some disease of the cervical verte- 
brae or some unusual malposition or deformity of the larynx the direct 
examination is almost always possible under general anesthesia. 
Where the patient is suffering from marked dyspnea the performance 
of tracheotomy usually makes the direct examination possible. 

Uncontrollable gagging, the chief difficulty in carrying out direct 
examination, interferes fully as much in the indirect method as it does 
in the direct. In either case it must be successfully combatted before 
the examination can proceed. 

The Choice of the Aesthetic. — In examining the larynx directly 
the operator has the choice of local or g(»neral anesthesia. Some form 
of anesthesia is necessary on account of the gagging and coughing far 
more than on account of the pain, since the manipulations employed in 
the direct examination of the larynx and trachea give rise to but 
little pain. It is essential, therefore, to do away with the sensitiveness 
only of the mucous membrane. This can be brought about either by 
the use of cocain locally or by the i)roduction of general anesthesia in 
addition to local anesthesia, because even with the general anesthesia, 
the use of cocain is necessary. The operator ought not be a partisan in 
this matter. He should employ either fonn of anesthesia at will. In- 
fants and children are best examined under general anesthesia. In 
many adults a satisfactory examination is possible only under ether. 
Certain systemic diseases like multiple sclerosis, bulbar paralysis, tabes, 
and hysteria, increase the sensitiveness of the mucous membranes. In 
old subjects the mucous membrane of the larynx and trachea is often 
very tolerant. In robust males with chronic catarrh, twice or three 
times the amount of cocain as is required for women is often needed to 
produce anesthesia. 

Cocainization. — Briinings with his customary thoroughness has 
studied the methods of cocainization exhaust ivel v. He has demon- 
strated that cocain api)lied by a brush or swab is three times as effec- 
tive as it is when introduced by a spray. If adrenaline is added to the 
cocain solution the anesthesia is noticeably prolonged. Briinings uses 
a syringe which he converts into a swab syringe by winding cotton on 
the tip of the canula. The barrel of the syringe is graduated so that 
the operator can control tlie dosage of cocain. This author finds that 
on the average five drops of a twenty per cent solution is sufficient to 
produce anc^stliesia in an adult. In children the strength of the solu- 
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tion is reduced to ten per cent, because they do not tolerate the drug 
as well as adults. 

With a swab or the swab syringe, a drop of a twenty per cent solu- 
tion of cocain is applied to the base of the tongue, and another to the 
posterior pharyngeal wall. After an interval of three or four minutes 
the cocain is applied to the tip of the epiglottis. Finally a drop or two 
is placed in the larynx. This calls for accurate dosage. The writer of 
this article has not had any experience with the brush or swab syringe, 
but has used the simple swab and with it a ten per cent solution of 
cocain for the first of the anesthesia, and a twenty per cent solution 
in the larynx. The weaker solution allows the cocain to be employed 
more freely. Until the beginner perfects his technic he will do well to 
use the weaker solution for the most part. If cocain is mixed with 
adrenalin chloride much stronger solutions can be used in the larynx. 
Some operators employ as high as fifty per cent. 

The Difficulties of the Examination. — The greatest difficulty in the 
way of a successful examination is incomplete anesthesia. Time is lost 
and the examination is rendered incomplete or made impossible unless 
the anesthesia is profound. From its nature the procedure of direct 
examination is disconcerting if not alarming to an inexperienced pa- 
tient. Therefore, the patient should be calmed by the assurance, 
repeated if necessary, that he will not strangle. He is encouraged to 
hold the head as loosely as he can and to breathe quietly and regu- 
larly. From time to time the examination is interrupted in order that 
the patient may spit out the accumulated saliva. He is cautioned to 
do this quietly and not to hawk. During the examination the patient 
is liable not only to bend the head too far back but to allow the 
whole body from the knees up to swing backward. The assistant 
should see to it that the patient keeps straight and erect. These 
are the principal and natural faults into which the patient falls. The 
faults of technic to which the examiner is liable are also natural ones. 
The first, incomplete cocainization, is due to haste. For the patient's 
sake he wishes to get the examination over quickly. The second mis- 
take on the part of the physician is to insert the speculum too deeply 
at first and in consequence to miss and to pass the epiglottis and to 
strike the point of the instrument against the posterior pharyngeal 
wall. This produces uncontrollable gaggin«: and often, for the day at 
least, makes further manipulation impossible. In pressing the epi- 
glottis and the base of the tongue forward the speculum should be held 
firmly and the procedure executed in a deliberate and unhesitating 
fashion. Otherwise the tongue is tickled and rebels. Under firm pres- 
sure it yields and submits. When the tip of ihe speculum has eii- 
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tered the larynx there is danger of the shaft striking against the teeth 
or the unprotected gums, thus causing pain. The examiner's finger 
should be so placed as to prevent this. The success of the examina- 
tion depends most of all upon the character of the patient's neck. If 
he has a thin neck, and if he is fortunate enough to have no teeth the 
prospects of a successful examination are good. If, on the contrary, 
the patient has a short, thick neck, and a protruding upper jaw and 
retains all his teeth, the outlook for the examination is not so hopeful. 
The amount of force required to bring the larynx into view varies 
with the individual neck. Briinings has made the observation that a 
force of 10 kg. is bearable, 15 kg. painful, and 20 kg. unbearable. 
He has found also that the ease of seeing the anterior commissure 
varies greatly; in fact it may be thirty times as difficult in one pa- 
tient as in another. The harder it is to obtain a view of the anterior 
commissure the smaller must be the diameter of the speculum. With 
a speculum of 9 mm. diameter a pressure of 9 kg. will expose the 
anterior commissure. With a speculum of 14 mm. diameter the same 
amount of force will expose only the posterior part of the larynx. 

The Method of Making the Direct Examination. 

The patient should be examined if possible when the stomach is 
empty. If the physician feels that his patient will be unruly a dose 
of bromid or morphin some little time before is of benefit. The patient 
is seated upon a low stool (30 cm. in height), and the assistant stands 
behind and supports the head. The patient's head is bent slightly 
backward. 

The patient protrudes his tongue and holds it with his left hand. 
The examiner guards the upper teeth of the patient with tlie forefinger 
of his left hand at the same time pushing the upper lip out of the 
way. The thumb of the left hand is held against the left forefinger and 
the angle between the two fingers is made to serve as a guide for the 
shaft of the speculum. Two fonns of specula are used for direct exam 
ination, the tubular speculum of Jackson (Figs. 113 and 114) and the 
speculum of Briinings. Suppose that the instrument of Jackson is the 
one which the examiner is using. It is manipulated as follows: The 
blade of the speculum is carried into the mouth along the central line 
of the tongue until the tip of the epiglottis appears. As soon as this 
is recognized the end of the speculum is carried over it. This is the 
first stage of the examination, if for purposes of clearness the exam- 
ination is described in stages. It is vital for the success of the ex- 
amination not to have this first manipulation miscarry. Wlien the 
epiglottis has been passed by the tip of the speculum, the handle of 
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the instrument is gently raised and at the same time the patient's head 
is allowed to swing backward slightly and by degrees. As the head of 
the patient goes back the end of the speciilnm is pushed downward 
along the posterior surface of tlie epiglottis into the vestibule of the 
larynx. From the moment that the tip of the epiglottis lias been passed 
until a satisfactory view of the larynx is obtained, firm pressure is kept 
upon the base of the tongue by lifting up the handle of the sjjeculum and 
thus forcing its shaft and tip forward. The discovery and the passing 
of the tip of the epiglottis constitute the first stage of the examination, 
the sinking of the specnhmi into the vestibule of the larynx the second, 
and the pushing of the epiglottis and the base of the tongue forward, 
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the third stage. If at any time the examiner loses his way, that is, 
misses the epiglottis, or strikes the posterior pharyngeal wall or finds 
himself in the pyrlform sinus, the speculum should lie withdrawn and 
the examination started again from the beginning. It is a help, after 
the tip of the epiglottis has been passed and the speculum is about to 
enter the vestibule of tlie larynx, to ask the patient to speak, in order 
that the movement of the arytenoid cartilages may give the proper 
direction for the deeper introduction. A successful examination should 
be a matter of only a few minutes. 

Passing the Speculnm from the Comer of the Month. — If there 
happens to be a sufficient gap between the teeth on either side of the 
upper jaw advantage may be taken of this space to pass the speculum 
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at this place. If no gap exists and the incisor teeth are prominent, the 
speculum may be passed between tlie bicuspid teetli or from the comer 
of the mouth. The distances are shorter and the muscles more relaxed. 
For this purjjose the head of the patient is rotatetl a little and bent 
slightly to the opposite side. Carried out with a small Jackson spec- 
ulum this method of making the direct examination is very successful 
in children and infants. Tliis procedure has been especially developed 
by Johnston. 

The Direct Examination With Counter Pressure.— In the direct 
examination it is the forward pressure of the speculum which enables 
the operator to see the Iar\nix, but this at the same time limits his view 
because the larynx as a whole is dislocated considerably forward. In 
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order to counteract this llie ojK'i'ator ahnowt instinctively puts his 
finger on the larynx from the ontsi<le and jnishes it backward. Briin- 
ings has given this coimiion nianipnlulion a special name, direct exam- 
ination with counter-pressure, and has devised an instriuneiit to do 
the work of the pliysician's hand, and so free it for other uses. "With 
this instrument the inventor states that the anterior connnissure can 
be seen in all cases. 

The Direct Examination Under Ether.— The patient is prepared 
for general anesthesia in the usual way. Before lie comes to the exam- 
ining table he is given, if an adult, a sixth of a grain of morphin and 
one one-hundred and fiftieth of a grain of atropin. The patient is 
placed on his back on a table high enough to bring the head to the 
same level as the face of the examiner if he prefers to work sitting. If 
he prefers to work standing the table is put upon a platform. The 
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author Las found it less tiring and less awkward to make the examina- 
tion standing. (Figs. 115 and 116.) The head and shoulders of the pa- 
tient are brought over the end of the table while an assistant supports 
the head with his left hand upon his left knee. The knee of the assist- 
ant is supported at the proper height by an adjustable foot rest. AVhen 
the ether has been well started the physician cocainizes the deep phar- 
ynx of the patient and the region of the pyriforra sinuses with a swab 




saturated with a ten per cent eocain solution. Often it is a help to 
have a suture through the tongue. The introduction of the spec- 
ulum is the same as under local anesthesia except, of course, that in 
the majority of eases it is easier. The ether examination is resorted 
to when the patient is intractable under local anesthesia. It is used 
in the case of children, or when, besides making an examination, oper- 
ations of considerable extent are to be carried out. The assistant 
Bhould so hold the head of the patient that he can at any moment 
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transfer it to tlie hand of tlio physician. Often the physician can obtain 
a better view by manipulating the position of the head for himself. 
In a hard examination the head passes many times from the hand of 
the assistant to the hand of the examiner. The assistant's free hand 
is ready at any moment to push the larynx back and to manipulate the 
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anterior eommi^'snn' info view, or to close the cords in order to show 
the presence of a new fri''>wth. 

In exnmininj; children nnder ether it is not always necessary to 
bring tile head over the end of the table. If the occiput is allowed to 
rest on the table and the cliin is brought up, in very many instances a 
perfect view can lie obtained. It is well to try this position first. Often 
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tliis position is successful also with adults. If it 
does not succeed the head may be turned to the 
Bide and the speculum carried dow-n between 
the bicuspid teeth or from tlie comer of the 
moutii. This manipulation is especially useful 
for introducing the brojicluiscope between the 
cords because it is easier to get in line with the 
trachea in tliis way than it is from the middle 
line. 

For operating purposes Briinings employs an 
open speculnni. Some years ago the author de- 
vised practically the sanu- kind of a speculum. 
and used it for some time but soon replaced it 
by an open adjustable si)eculum of the pattern 
shown in P'igs. 117 and 118. An open 8|)eculuiii 
increases the operating liehi. Such a speculum 
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Fit'. 118. 

Mosber 'a adjustable specu- 
lum, Bhowing tlie mechanjiim 
by which the speculum can be 
adjust cd lo any width. 



is the only pattern through which direct in- 
tubation with the larger tubes can be per- 
formed. The eye strain in using the open 
speculum is lessened. All the landmarks of 
the pharjTix and lar>-nx are visible at once 
and in their natural perspective. The writer 
is very partial to the open speculum when it 
can be employed. In children it is especially 
successful. In appropriate necks of adults 
it is also successful. The author always tries 
this form of speculum first because when it 
succeeds no other speculum gives as good a 
view. Tlie open speculum may be used with 
or without general anesthesia. However, 
with infants and young children for obtain- 
ing a diagnostic view of the larynx, for in- 
tubation, for extubation, or for removing 
coins from the upper part of the esophagus 
it can be employed without etlier. 

The Instruments for Direct Examina- 
tion and Direct Operating;. — Tlie examining 
instruments are the tubular speculum of 
Jackson, the spccnlum of Briinings lighted by 
the electroscope, and fitted with the attach- 
ment for counter-pressure, and some form of 
open speculum. The light for the open spec- 
ulum may be obtained by Jackson's method, 
or by reflection from a head mirror. The in- 
struments used through the various specula 
in direct operating upon tlie larjTix are made 
with the shaft of the proper length and at an 
appropriate angle with the handle. The first 
instrument is the laryngeal knife. The other 
instruments come under the head of punches 
or grasping forceps. (Fig. 119.) The shaft 
of the instruments should be as thin as pos- 
sible and retain its rigidity. The instruments 
of Briinings are most excellent. In using in- 
struments which work with a scissor motion 
it is hard to judge when they are placed at 
the proper depth. They either fall short or 
overreach the growth to be seized. It is 
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easier to adjust accurately an instrument the blades of which are 
placed at right angles to the end of the shaft and which close upon 
each other from above downward. The lower blade can be carried 
below the growth and then brought upward until the movement of the 
grow^th shows that the blade is touching it from below. If the blades 
are then shut the bite is usuallv successful. 

In hard examinations where neither the position of the head nor 
counter-pressure will cause the speculum to bring about a sufficient 
view of the larynx, and the writer must confess that he has had such 
cases, a small, short bronchoscope introduced from the angle of the 
mouth will at times bring into view the desired part of the larynx. 
The writer well remembers a young sailor of splendid physique who 
had a small fibroma situated well forward on the left vocal cord. 
Under ether a most trying and humiliating examination followed. 
Success, however, followed when a small bronchoscope was introduced 
from the angle of the mouth on the right and carried into and across the 
larynx until the growth was pinned inside the tube and against the 
lateral wall of the larjaix. An assistant meanwhile pressed the larynx 
backward and made counter-pressure on the left. 

A working set of instruments for bronchoscopy is as follows: 

1. Jackson's tubular speculum (adult and child size). 

2. Jackson's bronchoscopes (7, 8.5, 10, and 12 mm. in diameter). 

3. BrUnings' universal electroscope. 

4. Briiuings' extension double tubes (7, 8.5, 10, 12, and 14 mm. in diameter). 

5. Briinings' autoscope or split spatula speculum (11 and 13 mm. in diameter). 

6. Briinings' extension forceps with five different tips; or Jackson forceps with 

tips; or Coolidge forceps with shaft of three lengths and tips. 

7. Suction apparatus (hand bulb, hand or electric aspirator, with three tubes 

25, 35, and 50 cm. in length). 

8. Foreign body hook. 

9. Casselberry 's pin cutter; or Mosher's pin bender. 

10. Briinings* or Mosher's safety pin closer. 

11. Jackson's dilator for the bronchi. 

12. Mosher's adjustable speculum. 

13. Two angular locking forceps, for use with the open speculum (Mosher). 

14. Twelve Coolidge 's cotton carriers. 

15. Kirstein's head light. 

16. Angular laryngeal knife. 

17. Ring punch, for work about the mouth of the esophagus (Mosher). 

This list includes instruments for obtaining light in three differ- 
ent ways. The head mirror and a standing electric lamp furnish a 
fourth. The latter is an easy method of obtaining illumination for the 
larynx and the mouth of the esophagus. It is economy to have all four 
in the operating room. The writer has his examining table in a special 
room w^hich is given up to bronchoscopy and esophagoscopy. The table 
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(Pig. 116) stands on a platform the left corner of which is cut oat to 
allow standing room for the operator. On this platform beside the 
examining table there is room for the etherizer and the assistant who 
holds the head of the patient. On the right on a wall bracket is a 
Coakloy rheostat. Below this is another shelf for the Jackson double 
diy cell batterj', an<I on tlie platform is an electric light on an upright 
stand. On the right also is placed an electric aspirating pump. Each 
piece of apparatus is connected with its own socket. A Kirstein head 
light is kept at hand. In the complete operating room there should 
be an illuminated box witli a ground glass face for holding and dem- 
onstrating X-ray plates. 

The table for instruments is placed behind and to the right of tlic 
operator. Beside the table and behind and on the right stands the 
first assistant. Ojtposite tlie first assistant but on the other side of the 
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table is the nurse. It is tlie duty of tlie nurse to load the cotton car- 
riei-s. Slie should see to it tliat a good number of these are always 
ready so tliat the operator may never liave to wait. The swabs are 
loaded either with cotton or better with small pieces of selvedged 
gauze cut and folded to the jiroper size. It is of the utmost importance 
tliat the nurse and the first assistant should know how to fasten the 
swabs securely to the carriers. AVhen tlie operator is looking dowji a 
tube lie should iu)t he reipiired to turn Ids head in order to receive an 
instrument. When lie asks for one the first assistant not only pas.-!es 
it to him over Ins shoulder hut places the en{l of the instrument in 
tlie nioulli of llic tnbe and its handle in tlie haml of the operator. 

Before beginning the examination all instruments should be tested 
and proved to be i3i working order. Extra lights should be on hand; 
or what is better, if the Jackson bronchoscope is used, an extra light 
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carrier with a tested light should be in readiness. The assistants 
should know how to change the lights and how to adjust the instru- 
ments. 

Every detail should be provided for before the examination is be- 
gun. The operator must be willing to supervise the smallest details 
if he wishes the examination to go quickly and smoothly. The suc- 
cess of the operation often depends upon the thoroughness of the prep- 
aration. 

On an accessory table the instruments for tracheotomy should be 
sterilized and ready for use. There should be enough assistants for 
carrying out this procedure and they should be surgically trained. 

The Inhalation of Oxygen. — A cylinder of oxygen gas should be 
in every operating room for use in cases calling for bronchoscopy. The 
administration of the gas may make it possible to avoid a trache- 
otomy if severe dyspnea is j)res(Mit, while the use of the gas to combat 
shock and respiratory arrest is imj^ortant. If a bronchoscope is in 
place when the emergency arises the gas may be administered through 
this directly, or through the suction tube if the Jackson type of bron- 
choscope is employed. Daeger has devised an apparatus by which the 
amount of oxygen administered can be accurately measured and con- 
trolled. 

Suspension Larsmgoscopy. 

About three years ago Killian introduced suspension laryngos- 
copy. Within the last twelve months his perfected instruments have 
begun to be used extensively. The underlying principle of the pro- 
cedure is the transference of the weight of the patient's head from the 
hand of the examiner to the handle of the speculum. This gives the 
physician a new hand, his left, with which to work. The suspension is 
accomplished by elongating the handle of the speculum, and ending 
it in a hook. To this handle is attached a skeleton mouth-gag. A nut 
and a screw in the handle of the speculum control the width of this. 
A second nut and screw elevate the tip of the speculum. Spatulae of 
different sizes are fitted upon the handle. Each of these has incorpo- 
rated in it a narrow secondary spatula. The position of the tip of this 
is again regulated by a nut and screw. The apparatus is efficient and 
beautiful, but complicated. The claim is made for it that besides hold- 
ing the jjatient's head it will always bring the anterior commissure 
of the larynx into view. The writer's experience with the apparatus 
as yet is too limited to i)ass on such a statement, l)ut from what he 
saw at Killian's demonstration in London in 1913, and from what he 
has learned from the men in this country who have employed the 
method and Killian 's instruments extensively, he considers this state- 
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ment much too broad. This is relatively a small matter, of course, be- 
cause there will always be a percentage of cases in which neither a 
speculum nor the human hand can force the anterior commissure back 
into the field of vision. The gist of the matter is that an advance has 
been made, how great time alone can settle, by the introduction of 
suspension. The tired laryngologist eagerly grasps the relief which it 
affords. (Fig. 120.) 

The way having been shown by Killian, the rest of the world of 




Fig. 120. 
Killian 's susppiision apparatus. 



laryngologists will rush in with i)ossible iniproveinents of the ap- 
paratus, aiming especially to simi)lify it. The writer admits that he is 
one of those who have made such an attempt. A hook in the end of the 
handle of his adjustable si)eculum, one nut and angle lever in the 
shank, and a S(»t of cross ridges on the moving blade convert it as ex- 
perience has shown, into a servic(»able suspension si)eculum. It can 
be hung from a chain attached to the ceiling or as Alurphy suggested, 
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from the frame of an adjustable instrument tray holder. The reader 
will doubtless think of other ways. The crane of Killian is eflScient, 
of course, but it is bullty and docs not fit every table. For conveuience 
in carrj'ing the writer has had a folding frame constructed. The board 
which supports this slips under the back of the patient. So far it has 
met expectations. (Figs. 121 and 122.) 




Fig. 122. 
Mosher'g folding fromo for suspension apparatus open. 
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TRACHEOBRONCHOSCOPY. 

The direct examination of the trachea and the bronchi can be car- 
ried out by two routes. By the upper ronte the tube is inserted be- 
tween the vocal cords. "When the lower route is employed the tube 
gains access to the trachea through a tracheotomy wouud. After the 
performance of the tracheotomy the second method is the simpler and 
so will be described first. 

Lower Tracheobronchoscopy. 

Unless the lower route is used for the extraction of a foreign body 
it is well to wait a few days until the surgical wound has healed a little 
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before attempting Ihorougli examination of the trachea and the bron- 
chial tree. The earliest examinations of the trachea by the lower route 
were made through short tubular specula like the female urethrascope, 
and the illumination was obtained from a head mirror (Coolidge.) At 
the present time self-lighted specula of this pattern are made. (Figs. 
123 and 124.) For the examination of the trachea as far as the bifurca- 
tion these are the simplest and best instruments. 
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Contraindications to Lower Tracheobronchoscopy.— Unless tra- 
cheotomy is eontraindicated the performance of lower tracheobron- 
choscopy is permissible except in the presence of pneumonia. 

Anesthesia. — After a recent tracheotomy in a case in which the 
mucous membrane is normal, a drop of ten per cent coeain with adren- 
alin added, placed in the trachea is sufficient to produce anesthesia. 
Only in the region below the glottis is there excessive sensitiveness. The 
trachea tolerates the tube well. After the insertion of the tube the 




Fig. 124. 

I'n'thrH scope iisoil aa ii trndiposcopr, 

showing indiviilual parts. 



swab syringe may be used to apply coeain to the walls of the trachea, 
the most sensitive part being the anterior wall. In patients who have 
been wearing a tracheal canula for some time the mucous membrane 
about the tube is verj' irritable and it may be impossible to cocainize 
it. In children the strength of the coeain solution should be reduced 
to iive per cent and in adults in the presence of bronchitis a twenty per 
cent solution should not be used or should be employed sparingly. If 
there is a foreign body in the trachea, the cocainization should be ac- 
complished with a syringe, not with a swab. The parts of the trachea 



172 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

which are the most irritable are the neighborhood of the fistula, the 
bifurcation, and the bronchi below. The inflamed mucous membrane 
about a foreign body is always sensitive. 

Position of the Patient. — Lower tracheobronchoscopy is easiest 
when perfomied with the patient sitting. After a fresh tracheotomy 
or if the patient is weak, the prone position is better. When a search 
is to be made for a foreign body the patient should be examined on his 
back and with the head low^ered. If the prone position causes cough- 
ing or interferes with the breathing the erect position of the patient 
is the only choice. Better control is obtained w^ith children if they are 
placed on the back. 

In some cases the examination succeeds best if the head of the 
patient is extended over a roll or if a sandbag is placed under the neck, 
as is customary in the performance of tracheotomy. In other cases 
the head is held over the end of the table. 

The Method of the Examination. — The ideal method of learning 
bronchoscopy is to make use of a patient who has had a tracheotomy 
performed. 

The introduction of the examining tube offers some difficulty un- 
less it is done at the time of the tracheotomy when the tissues of the 
neck are wide open, and the tracheal incision can be spread with re- 
tractors. (Figs. 123 and 124.) After the comi)lete healing of the wound 
about the tracheotomv tube the fistula into the trachea is more or less 
oblique, and is always narrowed frcmi its original dimensions. The 
easiest w^ay to insert the tube without abraiding the edges of the fis- 
tula is to place a snugly-fitting elastic bougie through and beyond the 
tube, and then after having inserted the projecting end of the bougie 
through the fistula and well into the trachea to push the tube down on 
the bougie. The bougie guides the tube into the trachea and keeps it 
from striking the posterior wall and centers it in the long axis of the 
trachea. (Coolidge.) Naturally the posterior wall of the trachea is 
the easiest to examine. The side walls offer some difficulty but the 
anterior wall, especially in the neighborhood of the fistula, is the 
hardest of all to inspect. In order to accomplish this the patient's head 
must be turned strongly to one side so that the tube can be made to lie 
fiat with the neck. 

If, instead of inserting the tube downward, it is inserted into the 
trachea with the point upward, the beginning of the trachea and the 
subglottic region of the larynx may be examined. Such an examina- 
tion may be called for in cases of adhesions between the cords after 
diphtheria or when there is subglottic narrowing due to the contrac- 
tion of scar tissue. This method is called retrograde examination. For 
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this procedure smaller tubes are necessary in order that the breathing 
may not be interfered with. 

To return to the direct examination of the lower part of the tra- 
chea. If it is possible to employ a large tube, just as soon as this is 
well engaged in the lumen of the trachea the observer usually can see 
the whole of the trachea to the bifurcation. It may be necessary oc- 
casionally to draw the tube to one side in order to accomplish this. The 
color of the trachea varies in different patients from a yellowish to a 
blood-like red. If the walls of the trachea are painted with adrenalin 
solution less light is absorbed and the illumination is increased. The 
tube slips down the trachea almost of itself and the beginner, often, un- 
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Fig. 125. 
Jackson *s l)r()nchoscope. 




Fijr. 126. 
JjR'kson's lnoni'hoscopc, with l)Cvole(l end. 



less he keeps his bearings by moving the tube from side to side, misses 
the bifurcation and carries the tube into the right main bronchus. In 
this connection it should be borne in mind that the median septum is 
often pushed far to the left. The septum should always be located be- 
fore the tube is passed into a bronchus. 

The Endoscopic Picture. — In a tubular organ like the trachea 
having a constant lumen, when the observer looks through the bron- 
choscope he sees at some distance ahead of the end of the tube the 
lumen of the trachea and its walls. (Figs. 125 and 126.) The beginner 
is liable to introduce the tube too far at first and not to get the picture 
in perspective. If this is done pathologic narrowing of the lumen would 
not be recognized. The same would be true of any deformity of the 
walls caused by pressure of the neighboring organs. In order to ob- 
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tain a proper perspective the tube should be held high, but for a good 
view of the walls the tube should be carried well down and as near to 
the wall to be examined as possible. The higher the tube the larger the 
field which appears in perspective beyond it, the deeper the tube the 
smaller and clearer tlie field. In order to obtain a clear picture of the 
walls the tube should not only be introduced well into the trachea, 
but the end should be displaced strongly to the side. The trachea 




FiR. 127. 
Cast of U\D interiur of thn Imi'lien and Urunclii, with tiieir chief rnmili- 
cations within the lung. Thin cust bIioivs u t.v|)e of ilivivion frequently met 
with, tlic ritilit lironi-liLiii l>ciii|; iilnuiHl in cunt iiiiiat ion ot the line uf the 
trBchcH. o, epnrierinl lnnncEi ; h, e, hvjinrtorinl branches (ventral and 
dorsni). (Quain. after Aeliy.) 

and the bronchi are so movable that tliis procedure is constantly jirac- 
ticed. Indeed, the movabilify of the bronclua] tree is as important for 
the success of bronchoscopy as is the forward dislocation of the base 
of the tongue for the performance of direct insjiection of the larynx. 
In bronchoscopy the obser\-cr should look ahead of the tube. The eye 
should precede and guide tiie tube and the hand. 

Tlic elasticity of the broncliial tree nuikes the hiteral displaee- 
nicnt by the examining tube painless. The lateral mobility of the 
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bronchial tree is utilized to the greatest extent in bringing the first 
branch of the left main bronchus into view. In addition the tube is 
placed in the comer of the mouth and the bead of the patient is bent 
sidewise toward the operator. Tlie median septum of the trachea and 
the great vessels suffer in this manipulation a disphicement of 5 cm., 
and the bronchi and neighboring structures a dislocation of 10 cm. 




Fig. 128. 
Cast of the interior of the trachea and hroncbi, nith tlieir cliief ramifica- 
tions within the lung. This cast slioivs a typo of dirision leas frequent than 
the last, the riglit und left bronchi hcin^ at about a, ri^lit angle nith one 
another, a, eparleriiil branch; b, voiitral liviiartorial hranclies; Ir', accessory 
(a/ypns) branch; c, dorsal liyparteriai liranehes. (Qunin, after Aeby.) 



The angle which the tube makes with the long axis of the body is 30°. 
(Fig. 127.) 

Much less displacement is required in order to introduce the tube 
into the third bronchus of either side. On tlte right, on account of the 
fact that the main bronchus is so nearly in line with the long axis of 
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the trachea, the lateral di8]ila(Teiiieiit sufiiciftit to hnu^ tlie lirnnchns to 
the lower lobe into view is al)oiit 1.5 cm. 

In Itiwc'f bi'ondiih^'coijy cvcMi Ifss hilcnil excursion is neeessary. 
(Fig. 128.) 

The Interpretation of the Endoscopic Pictures. — The greatest dif- 
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Thyroid body, 







HciiKy wliieh the observer encounters in to judge the perspective rightly. 
As lie looks with one eye he is without the aid of the parallas which 
binocular vision affords and is constantly mistaking his distance. In 
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the trachea the observer can help himself by counting the rings. In 
the main bronchi measurements arc of more aid. The greatest help 
of all is obtained by laying the mandrin of the examining tube on the 
surface of the chest and judging tlie internal distances from this. 
(Fig. 129.) 

The lengtli of a stenotic area is hard to determine by sight, and 
is best made out by the use of a metal olive tipped bougie. Objects at 
the end of the tube appear smaller tlian they really are. Their true 
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size can be reckoned matliematically, but it is easier to obtain it by 
measuring a duplicate of the object. (Fig. 130.) 

The Choice of the Upper or the Lower Route.— For the beginner 
lower bronchoscopy is easier and safer. In infants and young children 
it is safer and often the method of choice. The experienced operator 
will succeed with upper bronchoscopy where the novice will fail, but 
it is well to try upper bronchoscopy as a routine in all eases. If it does 
not succeed the operator should not hesitate to abandon it for the lower 
route. There is no disgrace in so doing. It has been proved that in 
cases in which a foreign body, like a bean, lias been playing up and 
down in the trachea for some time the trauma so caused often produces 
spasm or edema of the larynx, so that after upper bronchoscopy, even 
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if it has been successful, an emergency tracheotomy may be necessary. 
The question of upper or lower bronchoscopy should never depend on 
the pride of the operator but on the good of the patient. 

The Dajigers of Bronchoscopy. — Operative bronchoscopy is natu- 
rally more danf?erous than examinations merely for diagnostic pur- 
poses. Jackson's statistics of ninety-four cases of upper and lower 
bronchoscopy give a mortality of two per cent. The chief danger of 
the examination Is its length. Under ether three-quarters of an hour 
is a safe limit. Rather than prolong the operation it is better to try 
again at a second sitting. In one of KiUian's cases of a foreign body 




Pig. 131. 

of th" ini.'licii mid l>n 



ii'liL. {From Toldt.) 



in the bronchus ten sittings were required before the extraction was 
successfni, and nmny of those lasted two hours. Briinings gives the 
time of the ordinary operation as five to fifteen niiimtes. Jackson has 
reported tlie removal of tliree tacks in three minutes. (Fig. 131.) 
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Asepsis. — In bronchoscopy the mouth of the patient sliould be 
made as clean as possible, Jackson advises a thirty per cent solution 
of alcohol as a mouth wash. It goes without saying that the instru- 
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raents also should be clean. Generally immersion in seventy per cent 
alcoliol is depended upon for the sterilization. Formalin vapor can be 
employed if preferred. 
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The Size of the Tubes. — Briiiiings uses tubes of four sizes. 

Upper Bronchoscopy. 

Number Size Age 

1 7 mm 1 to 3 vears. 

11,1..... 71^ mm 4 '* 5 ' *' 

2 8U, mm 4" 9 *' 

n .. 10 mm 9 *' 14 *' 

4 12 mm Adults (men and women). 



Low'ER Bronchoscopy. 

Number Size Age 

1 7 mm 1 to 3 vears. 

2 81/^ mm 3'* 8*^'* 

.T 10 mm 8**14 ** 

4 12 mm Adults (men and women). 

BRONCHOSCOPY. 

In order to see the secondarv bronchi the main bronchus is dis- 

ft 

located laterally and tlie tube brought into line with the bronchus to be 
examined. 

Tlie patient's head must be bent in the proper manner to allow 
this change in the position of the tube. In changing the position of 
the head the neck should not be held far backward and cramped be- 
cause this interferes with the mobility of the trachea and the bronchi. 

As soon as the lumen of the right main bronchus is entered and 
lighted by the tube, the observei- sees in the distance the opening of 
the bronchus to the lower lobe and within this smaller dark, oval 
patches which are the openings of the tertiary bronchi. Between these 
dark patches appear tlie median septa. The picture constantly changes. 
With every movement of the tube new^ openings of new branches come 
into view, in the depths of which other divisions are seen. (Fig. 133.) 
In the deei)er bronchi there is a rhythmical change of the picture with 
respiration. 

Wlien the tube is y)Uiced higli in the main bronchus the opening of 
the branch to the upper lobe as well as of that to the middle lobe gen- 
erally are not seen. It is only after inserting the tube to the proper 
depth and dislocating the bronchus between one and one and five- 
tenths cm. to the side and upward, that the lower circumference of the 
opening of the branch to the upper lobe is discovered. If the manipu- 
lation is not succ(»ssful the tube is inserted below the origin of the first 
branch and lateral pressure is made as before and the tube withdrawn. 
As the tube comes up the opening of the bronchus springs into view. 
(Fig. 134.) 



LARYNGOSCOPY, BRONCHOSCOPY, ESOPilAGOSCOPV, ETC. 181 



5 * x\ f f 




OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 




Diagrnm to mIhiw 
(After JucksoD.) 

A. The LifureatioE 
to tlio left of the 
linmchiia, '2. Kii"hl n 

B. Pi<-tnre of the 1 
128). 1. Ilroiifhua li 
to lon-er lot*. 

C. Pipturp of rifiht main l.rnnihiiH. 1. Kronchiis 
to up[icr lolic. 2. BronnhuH to niUliUi- lolip. 3-4. 
Bronchi to lower lolw. JJo. 4 in the prnrticnl eon- 

II of the ri|;ht main broiichua. 



of tlic trachea ia shonn 

lirl.lle lint-. 1. Left main 
lin lironchuB. 

't iiifiiH lironchLiR (spc Tie. 
uplipr lolip. 2.-S. Bronchi 



In lowor bronchoscopy the 
opening of the branch to the 
upper lobe is easier to find. So 
readily can the opening be ap- 
proached that the circumfer- 
ence of the first two rings can 
be made out. The field often 
increases rhythmically with 
the respiration. 

The cavity of the branch to 
the upper lobe can be explored 
by placing a small mirror 
through the examining tube 
into the bronchus or by insert- 
ing a small cystoseope. With 
the latter Uriinings has dem- 
onstrated even tlie tertiary 
bronchi. The cystoseope should 
have a diameter of 8 mm. and 
if designed for both upper and 
lower bronchoscopy it should 
be about 30 cm. long. 

AHliough cases have been 
reported of foreign bodies 
lodged in tiie branch to the up- 
per lobe (Wild and Gottstein), 
as a rule such eases are rare. 
Killian calls attention to the 
fact that the examination of 
this branch might give a clew 
to tuberculosis of the right 
apex, that is, pus might be seen 
coming from the opening of 
tlie bronclius in such cases. 
(Fig. 134.) 

The direct examination of 
the brancli to the middle lobe 
is easily accomplished when 
the tube is carefully introduced 
and pressure is made in a for- 
ward direction. This opening, 
however, can be readily con- 
fused witli that of the branch 



LARYNGOSCOI'Y, BRONCHOSCOPY, ESOPHAGOSCOPY, ETC. 



183 



to the lower lobe. In all cases in which the observer is in doubt the 
tube should be withdrawn to the bifurcation and then carried down- 
ward again step by step. 




Pig. 135. 
DiagrDmmatic drawing to show Ihc hronchuscopic picture at various levels. 

The branch of the right main bronchus to the lower lobe is really 
a continuation of the main bronchus. For this reason the opening of 
the third secondary bronchus is not only easy to see and enter with 
the tube but this is the bronchus which most often catches foreign 
bodies. (Fig. 135.) 

The left main bronchus leaves the trachea much more sharply than 
the right bronchus does. For this reason it is harder to gain access 
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to it and to bring its branches, especially the first, into view, Tliis 
bronchus is easier to see by lower bronchoscopy. In investigating the 
left main bronchus strong pulsations from the arch of the aorta are 
noticed. (Fig. 136.) 

The origin of the branch of the left main bronchus to the upper 
lobe is 4 to 5 cm. from the bifureation. It is to be found on the lateral 
wall and somewliat anteriorly. It is often missed both on the inser- 




HoriKonlal scPtioTi of thomx of niBii, ai:ei\ 57, iiTimcIintdy aboie tlie 
bifiireation at the trachea, seen from iibove. (Trom Qusin.) 

U. L., up|)er lol* of rijjht lung; U. I',, L. L., upper and Uiwer lotips of iefl 
lung; K, B,, L. B., origin of right and left lironchi, in this Rpeciinen thi^ ter. 
mination of the trachea was lower than iisiial ; A., arrh of aorta; D. A,, 
deBcendinjt aorta; D., nhlitprated dui^tua artPriiiHiis ; N., left 
geal nene; L. G., lymphatic glands; olhrr letters as in Fig. : 



tion and on the withdrawal of the tube, and a sight of it is to be 
gained, if at all, by strong lateral and upward dislocation of the main 
bronchus and with ttio end of the tube held as obliquely to the lateral 
wall as po.ssiblc. Naturally foreign bodies do not often gain entrance 
to this bronclius. {Fig. 137.) 

On the left ttie second brancli of tlie main bronchus, the lironchus 
to the lower lobe, is for all intents anil purposes a continuation of the 
main bronchus. The tube, therefore, finds it readily and the ]nctiire 
seen through the tube shows tlie lumen of the lliird briiuch and tluu 
the division into the dorsal and ventral branches. 
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Lower bronchoscopy carried out as has been indicated is not diffi- 
cult. The bronchi slioiild be examined both on the introduction of the 
tube and on its withdrawal. Tlie exaudnation cannot be considered 
complete unless both main bronchi, the secondary bronchus on the right 
to the middle lobe and the branch to the lower lobe on both sides have 
been examined. The exploration of the two main bronchi and the 
branch to the lower lobe on the right is especially demanded because 
foreign bodies often lodge in them. In the author's experience foreign 




Fig. 138. 

Horizontal scRtioD of Ihc tboras of a mun, aged ST, nt the level of the 
roots of the lungs, seen from above. (Frnm yuaiii.) 

I. 8; supeiior »Dd inrerior lobrx of liingB; E., epRrtcriel bronchus; 
A. M., anterior mcdtastinum; B. F. C, right pleural cavity; P. C, perirardisl 
cavity; A. A., MeendiUK BOrta; P. A., pulmonary artery; R. P. A., it« H^t 
branch; H. P, V,, I., P. V., right and loft pulmonary veins; A. V., azygoa 
major vein; other letters as in Fig. I3Q. 



bodies lodge ofteucst at tlie bifurcation of the trachea, in the dilatation 
where the first branch of the right main bronchus comes off, or in the 
internal branch of the bronchus to the lower lobe. 

The tertiary bronchi are so small that neither the broncUoseope 
nor light can lie made to enter tliem. In such cases the use of a sound 
will enable the operator to palpate these small tubes even to the periph- 
ery of the lungs. (Fig. 138.) 

Lower bronchoscopy is easier with the patient in the sitting posi- 
tion. It can and often is carried out with the patient lying on his back. 
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It is harder to manage the position of tlie patient's head if he is upon 
his back, becanse the handle of the electroscope often gets in the way. 
{Fig, 139.) With the Jackson tube, linwcver, this difficulty is not en- 
countered. 

Upper Bronchoscopy. 

Upper bronchoscopy is much more difficult tluin lower broncho- 
scopy on account of the nioro complii'atcil (echnic required to insert 




Fig. 1.19. 

BorizoDtnl section of Ihe thnrsx of a man, ageil QT, at tlis level of tho 
nipples, Bi«n from above. Note how the bronchi keep nenr Ibo median Uue. 
This is foilunote in the removal of foreign bodies. (From Quain.) 

n., nipple; M., middle lobe of right lung; B. A., right auricle; B. V., 
right ventricle; L. A., le/t nuricle; L. V., left ventricle; B. V. P., right 
posterior valva of aortic orifice; r. p. c, right pleural cavitj-; otlicr letters 
as in Fig. 136. 



the bronchostiope, due to tlie foiin of tlie laiynx, and because of the 
slighter mobility of tlie tube and its greater length. 

Anesthesia. — Tlie German school are stronjj advocates of local 
anesthoHia and the sitting position of the patient during the examina- 
tion. In this country general anesthesia is u.«ed largely and the pa- 
tient is examined lying on his back. The use of ether does away with 
the sense of hurry which attends bronchoscopy under local anesthesia. 

The Method of Performing Upper Bronchoscopy.— If local anes- 
thesia is to bi.' emijliiyt'd tlie larynx of the {'alient is cocainized as for 
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direct inspection. The reflexes of the larynx are the most active. After 
the anesthesia has been accomplished the vocal cords are exposed. If 
Briinings' instruments are selected, this is done with the tubular spa- 
tula used after the fashion of his speculum, employed for direct inspec- 
tion of the larynx. It is not necessary to expose the anterior commis- 
sure, so that the operator is content with disclosing the posterior 
third, or the posterior half of the cords. If this much is not read- 
ily brought into view, the assistant pushes the larynx backward. 

The passage of the larynx is the difficult part of the manipulation. 
This is best accomplished by cautioning the patient to breathe quietly 
and regularly. When he does this the cords part in inspiration and 
the tube is slipped between them and into the trachea. The cords need 
not be widely separated. Sometimes it is necessary to turn the spatula- 
like edge of the speculum anteroposteriorly and to insert it in this 
manner between the cords and then to turn the speculum and force the 
cords apart. Tlie introduction of the warmed and oiled tube is brought 
about not so much by force as by manipulation and a lever-like move- 
ment of the tube under the guidance of the i)hysician's left forefinger. 

The Introduction of the Bronchoscope with the Patient Lying on 
His Back. — Where the patient is placed on his back it is necessary for 
the introduction of the tube to have the head held over the end of the 
table. After the tubular speculum has passed the upper part of the 
epiglottis the head must be lowered for the exposure of the cords and 
the passing of the tube between them. 

In the prone position of the patient the handle of the electroscope 
is somewhat in the wav. This difficultv is not encountered if the Jack- 
son tubular speculum is used because the speculum is discarded as 
soon as the bronchoscope has entered the glottis. If the introduction 
of the tube is difficult the patient may be turned on his left side. The 
tubular speculum is then carried in from the left corner of the month. 
The head is unsupported. The speculum easily passes into the tra- 
chea. After the speculum has entered the trachea the patient is turned 
upon his back again and the examination completed. The cords hav- 
ing been passed the rest of tlie examination is carried out as in lower 
bronchoscopy. AVhen the tul)ular speculum has explored the trachea 
to the bifurcation the inner tube is inserted and advanced step by step 
to the main bronchi. Naturally it is not possible to move a tube when 
passed from the mouth as much as a tube introduced through trache- 
otomv wound. Therefore there is less lateral dislocation of the trachea 
and the bronchi. To make up for this loss the alteration or moulding 
of the patient's body, chiefly the position of his spine, is called into 
play. The bronchoscope is shifted to the comer of the mouth. 



I 



LARYNGOSCOPY, BRONCHOSCOPY, ESOPHAGOSCOPY, ETC. 189 

Upper Bronchoscopy with the Jackson Tubular Speculum and the 
Jackson Bronchoscope. — The tubular speculum of Jackson is very con- 
venient for exposing the larynx and for introducing the bronchoscope. 
Jackson until recently has preferred to pass the bronchoscope under 
general anesthesia and with the patient lying on his back. Lately he 
has discarded both local and general anesthesia. The experience of the 
writer of this article has been obtained almost wholly with general 
anesthetics. After the cords have been exposed with the tubular spec- 
ulum a bronchoscope of the self-lighting pattern and of appropriate 
size is passed through the speculum and between the cords. Then the 
separable hood is removed and the speculum withdrawn. 

The Introduction of the Bronchoscope with the Open Speculum. 
— The introduction of the bronchoscope with the adjustable open 
speculum of the author is the simplest method of passing the broncho- 
scope under vision. 

The Examination in Children. 

Owing to the flexibility of the neck in the child and to the shorter 
distances, the direct inspection of the larj-nx in infants and children 
is often comparatively easy. The structures are diminutive so that the 
field obtained is small. The epiglottis is undeveloped and often very 
unruly when the speculum attempts to control it. 

The difficulties in the examination of children arise from the 
smallness of the structures which necessitates tubes as small as 6-7 mm. 
Through these it is hard to get a good view and to manipulate instru- 
ments. In addition the examiner's difficulties are increased by the 
unruliness of the patient, by the tendency to spasm, by salivation, by 
the strong respiratory movements of the trachea and the bronchi, and 
lastly by the greater tendency to collapse either with local or general 
anesthesia. 

In most cases bronchoscopy is undertaken in children for the de- 
tection and the removal of foreign bodies. Foreijrn bodies are most 
common in children, to summarize a table from Gottstein, between the 
second and the sixth year. Sixty-nine per cent of cases occur before 
the twelfth year, and only thirty-eight per cent from the twelfth year 

onward. 

Instruments. — Relatively wider specula may be used in children 
than in adults. Forceps and all other instruments which are to be used 
through the diminutive tubes which are employed in children must be 
especially small in calibre. Briinings has a special form of electroscope 
which he advises for this work. Other instruments are the open spec- 
ulum of Briinings, or that of the writer. A self-lighted urethrascope 
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is of service for use througli a tracheotomy wound. The size of such 
tubes varies between 7 and 8 mm. The sizes of tlie urethraseopes 
should be 5, 6 and 8 mm. Seventeen cm. is a sufficient length for the 
forceps. 

Direct Laryngoscopy. — The simplest way to examine a baby is to 
wrap it in a blanket and to place it on its back on a table and expose 
the larynx with the open speculum or the children's size of the Jack- 
son speculum. The examination of the child held in a sitting posture 
in the arms of a nurse is also satisfactory. For this purpose the spec- 
ulum is passed along the center of the tongue or introduced from the 
corner of the mouth. In infants and children the author has had no 
experience w^ith local anesthesia. He prefers to use general anesthe- 
sia. Briinings gives the impression that examinations conducted in 
this way are less satisfactory than when local anesthesia is employed. 
It is doubtful if the experience of operators in this country accords 
w4th that of Briinings. 

The Method of Examination. — The method of making the direct 
inspection of the larynx in infants and children is the same as in adults. 
The distances are veiy short and the epiglottis is placed high so that 
only a slight depression of the tcmgue is required to expose it. The 
pharynx and even the glottis often close in a spliincter-like fashion, 
and from time to time the whole working field is flooded with mucus. 
A speculum w^ith a broad end is esi^ecially serviceable in raising the 
stubby and elusive epiglottis. Often the anterior commissure of tho 
larynx can be moulded into view by external pressure. In holding tho 
head it should not be bent too far backward. 

Lower Bronchoscopy. — I^ower bronchoscopy is carried out wit)i 
children in the same* manner as in adults. For the examination of the 
trachea in the neighborhood of tlie fistula the urethrascope or a small 
bronchoscope constructed on this pattern is of service. In examining 
the trachea and the bronchi the respiratory movements of the air pas- 
sages are a great annoyance. In strong respiration the field may be 
lost altogether. This is embarrassing in the bronchi because if tho 
mucous membrane is swollen it is only during inspiration that a view 
can be obtained. 

Upper Bronchoscopy. — ^Upper bronchoscopy in children is the most 
difficult feat which is attempted with this procedure. The examiner 
should be ready and willing at any moment to supplant it by lower 
bronchoscopy. 

The author has had most experience with upper bronchoscopy 
performed under general anesthesia. Small doses of atropin control 
the secretions. The introduction of the tube is easily accomplished in 
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the usual case with the small Jackson speculum or with the adjustable 
open speculum. Upper bronchoscopy in children should never be at- 
tempted without instruments and assistants enough for the execution 
of a rapid tracheotomy. The danger of subglottic swelling after bron- 
choscopy in children should always be in the mind of the operator. The 
patient may require an emergency tracheotomy not only during the 
operation but at any time during the next day or two. 

The general conduct of the examination by the upper route is 
along the same lines as the examination in the adult. 

Instruments for Bronchoscopy. 

The essential iustnunent for the 
performance of direct inspection of 
the larynx, the trachea, and the bron- 
chi, is a metal tube of appropriate size 
and length. For direct examination 
of the larj-nx the tubular speculum is 
constructed so that it is open for a 
part of its length. For tlie I'xamina- 
tion of the bronchi the spoeulnm ho- 
eomes a long tube. The speculum and 
the long tube can be lighted from 
within or from without. The simplest 
method of lighting the bronchoscope 
is that popularized by .Tackson. A 
small secondary tube is carried along 
the side of the larger and the main 
tube to its lower end. At this point a 
window turns the lumen of both tubes 
into one. In the secondary tube a 
small rod-like tube acts as a carrier 
for a diminutive electric lamp. ^Vhen 
the carrier is in position the lamp lies opposite the window and when 
the lamp is burning its light illuminates not only the end of the larger 
tube but shines ahead of it. 

The illumination of the tube by the second method is accomplished 
by attaching to a handle which can hold various sizes of tubes, a small 
hut powerful electric lamp. {Fig. 140.) Above this a mirror is so 
placed that tlie light from the lamp is thrown down and through the 
tube. Briinings has developed this form of illumination to a high degree 
of efficiency in his various forms of electroscopes. Hoth methods of 
lighting the examining tubes are highly successful. Each lias certain 
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advantages. The examiner should provide himself with both sets of 
instruments. He certainly should not allow himself to become so prej- 
udiced as to be willing to use but one pattern. 

The disadvantage of the self-illuminated tube is that the light is 
liable to become clouded with secretions and blood. It is surprising, 
how^ever, especially if the examination is conducted under general 
anesthesia and the secretions controlled by atropin, how long the light 
will bum before it becomes dimmed. As a rule suction wnll keep it 
clean. Theoretically a strong case can be made out against the self- 
lighted tube in the presence of abundant secretion, especially blood, 
but the results of practical work refute most of the objections. The 
lights call for a little more care than the larger lamj) of the Briinings 
electroscoi)e. The thread of the small lamp and the thread in the light 
carrier should be carefully standardized so that new lamps will fit and 
bum. If this detail is attended to, the small lamps give almost 
no trouble. The great advantage of the self -lighted tube is that its 
handle is not complicated and so at times in tlie way, and that the eye 
of the observer has the full diameter of the tube to look and w^ork 
through from the beginning of tlie tube to its end. This reduces the 
eye strain — the physician's eyes are his capital. 

The advantage^ oF illuminating the tube by reflecting light through 
it is that the illuminaticm is never lost in the presc^ice of secretions. A 
candid observer must admit, h()wev(»r, that it is more tiring to look 
through the narrow slit in the mirror of the electroscope than it is to 
look through the full lumen of the self-lighted tube. The author has 
read the discussions which deal with the question of lighting from the 
standpoint of optics, but has settled the question for himself at the 
examining table. The beginner in bronchoscopy is advised to do the 
same. 

The Jackson Tubular Speculum.— The Jackson tubular speculum 
is shown in Fig. 113. This speculum is made in two sizes, the larger 
for adults and the smaller one for infants and children. The cut 
makes detailed description of the instrument unnecessary. 

Johnston has modified the Jackson speculum by making the handle 
detachable. 

The Briinings electrosc()i)e is shown in Fig. 140. It is made in at 
least three i)atterns. The author has found it necessary to provide 
himself so far with but one pattern. 

The Brunings Elongating Bronchoscope.— The main tube is a long 
tubular speculum. This is used to examine the trachea as far as the 
bifurcation and the esophagus as far as the arch of the aorta. For Q\- 
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araination beyond these depths a smaller tube is fitted ioto the larger 
one and carried down and beyond it by means of a stout spring. By 
this device the tube can be lengthened at will. This form of tube is 
especially u.seful in examinations performed under local anesthesia. 

The Bninings Elongating Forceps. — Briinings has applied the 
principle of the elongating tube to his forceps. (Fig. 148.) This form 
of forceps is very useful espe- 
cially as the shaft is fitted with 
tips adapted for all necessary ma- 
nipulations. The operator should 
supply himself with a liberal as- 
sortment. It is vital to have a 
good tip for grasping, a tip made 
in the form of a punch, and a tip 
of the proper form for seizing 
beans and other seeds. Special 
cases call for special instruments. 

Batteries. — The lamp in Uii' 
Jackson speculum and broncho- 
scope is most conveniently light- 
ed by a current obtained from di'y 
cells. Jackson employs a double 
battery. After considerable ex- 
perimenting the writer has found 
four dry cells controlled by a 
small rheostat the most portable, 
the easiest to renew and alto- 
gether the most satisfactory. 
(Fig. 141.) There are many 
forms of rheostats with w^hich 
the ordinary street current can be 
used. These, however, are too 
bvilky to carry about. The light 
in Briinings' electroscope calls 
for a reasonably powerful wall 
rheostat, such as is found in the 
equipment of the ordinary oper- 
ating room. 

Aspirator for Removing Se- 
cretions.— The Jackson broncho- 
scope has in addition to the sec- 
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Khcostat and battery. 

Tlic iLutlior lias found tlie small detached 
rheoatat and four dry cells united as a unit 
the simplest nay of obtaining the current 
to run the lamp of tho bronchoscope. The 
batteries are easily obtained and readily con- 
nected with the rhenatat. Batteries that come 
in cases often have to be sent to special deal- 
ers for refilling, bo ttiat there is delay in 
getting them. 

In carrying a battery of this kind it is nec- 
essary to see that it does not become short- 
circuited in the instrument bag and its power 
exhausted. An ajnperemet«r is used to test 
the battery before it is used. Tha physician 
always knows whether or not there is sufficient 
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ondary tube which carries the light a second auxiliary tube for the 
removal of secretions. A hand bulb may be used attached to the suc- 
tion tube or an apparatus such as is employed for removing fluid from 
the chest, or best of all an aspirator run by electricity. Small amounts 
of secretion are removed by folded gauze swabs. The Coolidge cotton 
carrier is excellent for this purpose. (Fig. 142.) In direct examina- 
tions of the larynx, long angular forceps, the blades of which lock 



oC 



Fig. 142. 
Coolidge ^s cotton carrier. 




Fig. 143. 

Angular forceps for use with the adjustable specu- 
lum. The forceps are employed chiefly for sponging with 
cx)tton or gauze, but arc extremely useful for extracting 
foreign bodies from the mouth of the esophagus. They 
CAn also be used for removing intubation tul)es. The 
author uses this instrument for coca-inizing the pharynx 
and larynx preliminary to direct examination of the larynx, 
or esophagoscopy or bronchoscopy. 




Fig. 144. 



Mosher's alligator forceps. These forceps have locking han- 
dles so that the blades hold firmly whatever they grasp. They 
are made in two lengths. The shorter length is useful for direct 
work upon the larynx, and the longer (14 inches) is very con- 
venient for carrying cotton for swabbing out the shorter esoph- 
agoscope. It is much easier to load this forceps with cotton 
than the usual cotton carrier. 



(Fig. 143), are useful for removing the thick secretions in the pharynx. 
Long alligator forceps (Fig. 144), also vnth handles which lock, are a 
luxury when short tubes are used because it is very easy to replace the 
swabs. (Figs. 145 and 146.) 

Acquiring Skill. — Br linings in his course to students drills the men 
in the extraction of foreign bodies placed in a rubber mannikin of the 
respiratory tract. Practice of this kind is very valuable. By it the 
beginner learns to see, and learns the best way of using the different 
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kinds of forceps. If Killian's mannikin (Fig. 147) is not at hand much 
the same kind of practice can be obtained if a foreign body is placed 
in a rubber tube. Foreign bodies may be placed in the air passages of 
narcotized dogs. The cadaver used for bronchoscopy gives both prac- 
tice in removing foreign bodices and Avhat is even more important, a 




Fig. 145. 

Jackson ^8 tul)C forcops. B, actual size of tu])e and jaws of forceps; D 
and K, dilators for ])ronchoscopic strictures, which can be used in con- 
nection with Jackson '3 tul)e forceps handle. 



Fig. 146. 
Coolidge^s forceps. 




knowledge of the applied anatomy of the bronchial tree. The best 
practice of all is afforded by an adult patient wearing a tracheotomy 
tube if the physician is fortunate enough to find such a patient Avho is 
walling to make capital of his infirmity. 

If the physician who undertakes bronchoscopy or esophagoscopy 
is mechanical, and, in addition, has or will acquire an elementary 
knowledge of applied electricity, many difficulties in his new work will 
be easily overcome. Jackson is fond of saying, and saying it in his 
forcible way, that the extraction of foreign bodies is purely a matter of 
mechanical skill. Inborn skill, however, can be offset and sometimes 
surpassed by the skill which comes from w^illingness to learn and at- 
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tention to detail. And tlie details of instruments and instrumentation 
in bronchoscopy are many. The physician wlio is not willing to deal 
with these petty details is happier out of this kind of work. The moral 
of this little proacliment is — learn your instruments, how they are 
made, how they should work, and how they are to be kept in order. 
"Gridley, you may tire when ready." You must be Gridley. 




Fig. 147. 
Killian 's manikin for practining bronchoacopy and eBOphagoseopy. 

Direct Laryngoscopy for Diseased Conditions. 

Malignant Disease. — Malignant disease often calls for the direct 
examination of the larynx in order to obtain a clear view of the growth, 
and esjieeially to secure tlic removal of a satisfactory specimen. By the 
use of a good puneli forceps (Fig. 145) this can be taken from the most 
favorable place, that is, from the margin of the growth so that the 
diseased and healthy tissue appear side by side. In small growths 
direct laryiij,'08Copy and direct instnimentation should not be depended 
upon for a cure — the lao'nx sliould be opened from the outside; but in 



LARYNGOSCOPY, BRONCHOSCOPY, ESOPHAGOSCOPY, ETC. 



197 



advanced and inoperable malignant disease palliative procedures like 
the removal of obstructing masses are justifiable and arc easily ex- 
ecuted. (Figs. 148-150.) 

Non-MalignaJit Disease of the Larynx. — Benign neoplasms of the 
larynx offer a wide field for the employment of direct laryngoscopy. 
Chief among these tumors are papilloraata. In the experience of the 
writer the removal of papillomata under local anesthesia has not been 
successful. Even with the use of a general anesthetic and with the 
patient lying on his back the procedure is not always a calm one or 




Fig. 148. 
Briinings^ elongating forceps. 







Fig. 149. 

Tips for Briinings' 
forceps. 



Fig. 150. 
Expanding tip 
for Briinings' forceps. 



fully satisfactory. Direct larjmgoscopy, however, is by far the best 
method of conducting the removal of these luxuriant and recurring 
growths. The management of these cases advocated by Clark is the 
one followed by the author. The child is examined under ether by the 
direct method, and if there is an abundant growth tracheotomy is per- 
formed. Then the larynx is freed from papillomata by using appro- 
priate instruments through the Jackson speculum or the open specu- 
lum. Where the vestibule of the larynx is nearly choked with the 
growth Mosher's spiral wire forceps (Fig. 151) will quickly remove a 
large amount and allow the remaining masses to be dealt with leisurely 
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and with the same instrument. The spiral wire forceps comes up with 
papillomata between the various w^ires like a fish net filled with 
fish. It is important in removing papillomata to wound the normal 
mucous membrane as little as possible because each abrasion is almost 
sure to have the growth transplanted upon it. When the papilloma 
is placed w^ell forward on the cord or in the anterior commissure it 
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Fig. 151. 
Mosher's spiral wire forceps for removing papilloma of the larynx. 

is often very hard to expose even under general anesthesia. In such 
cases the triangular guillotine tube is useful for securing it. (Fig. 152.) 
It has been the experience of Clark that after a child has worn the 
tracheotomy tube a year or more the papillomata shrink markedly 
and in time disappear. At appropriate inter^'als the child is etherized 




Fig. 152. 

Mosher's triangular fenestrated tube. Used for the removal of pedun- 
culated growths from the vocal cords. It is especially useful when the 
growth springs from the anterior commissure. In use the growth falls 
through the window of the tube and is cut off by forcing home the plunger 
which has a cutting edge and acts as a guillotine. 

again and the remaining growths thinned out or eradicated. Some 
operators like Jackson do not practice tracheotomy in cases of papil- 
lomata but follow the growths through the cords into the trachea even 
without the safeguard of this procedure. An emergency tracheotomy, 
however, may be called for at any moment. This operation can be 
taken out of the emergency class and perfomied at the leisure of the 
operator if the patient is given air by intubing the laiyiix and trachea 
with a small bronchoscope. The author has made for this purpose the 
small instruineut shown in Fig. 153 which he carries with his trache- 
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otomy set. It is small enough to pass into any larynx and long enough 
to go well down the trachea. It is fitted with a plunger so that very 
little exposure of the larynx is necessary for its quick introduction. 
There are breathing holes on the sides near the lower end. To have 
this simple instrument always at hand is a great comfort. It can be 
used with adults as well as with children. 

Harris has lately reported the disappearance of a papilloma under 
radium. 

Other benign neoplasms occur, and these, just as papillomata, are 
best dealt with by direct laryngoscopy. Among these are fibromata, 
lipomata, cysts and edematous polypi. Singers' nodes might be 
treated by this method should removal be advisable. 



Fig. ir)3. 

Small bronchoscope for emergency intubation which the author always 
carries in his kit. By means of it intubation can be quickly performed. 
The instrument is small enough for a child's larynx. By using an instru- 
ment of this kind many emergency tracheotomies can be avoided. If a 
tracheotomy becomes necessary, the procedure is made simple and easy, be- 
cause the patient breathes through the bronchoscope and the opening of 
the trachea can be done calmly and without hurry. In many instances 
familiarity with such a preliminary intubation would be a great help to the 
general surgeon. 

Tuberculosis of the Larynx. — AVlien tuberculosis of the larynx 
calls for surgical treatment direct operating is most satisfactory. 

Inflammatory Diseases. — In infections of the pharynx accompa- 
nied by edema or abscess the patient can be relieved by direct laryn- 
goscopy and direct treatment and many a tracheotomy averted. 

Malformations of the Larynx, Congenital and Acquired. — Congen- 
ital webs of the larynx are easy to make out and to treat by the direct 
method. An appropriate speculum and a long laryngeal knife are the 
only instruments usually needed. 

After diphtheria, especially when it has been necessary to intube 
often, the cords may glue together for a certain part of their length. 
Generally the anterior third or two-thirds of the inner surfaces of the 
cords adhere. Such cases can be managed by prolonged intubation 
with large tubes of the Eodgers pattern. The cords must be first sepa- 
rated. This is done either with an Otis urethrotome or with the laryn- 
geal knife. Then the aperture of the glottis and the region below, for 
the subglottic portion of the larynx is narrowed also, is stretched with 
the dilating mechanism of the urethrotome or better with a dilator 
constructed on the pattern of KoUman. As the Eodgers tube is con- 
ical and tends to slip out of the larjTix it is retained by a clasp inserted 
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and worn through a permanent tracheotomy wound. For dilating the 
cavity of the larynx male urethral sounds may be passed through the 
tracheotomy wound upward into the larynx. Naturally the operative 
procedures are carried out by direct laryngoscopy. The insertion of 
the tube is most conveniently performed by direct intubation. In this 
country Wilson w^as the first to bring direct intubation before the pro- 
fession. The author has devised a set of instruments for handling the 
tubes. The author also has used direct inspection a few times for the 
detection of laryngeal diphtheria, the removal of loose membrane and 
immediate intubation. Direct inspection generally makes the waiting 
for the microscopic report of a culture unnecessary. It is a great satis- 
faction to look down and to see the membrane and to take the case out 
of the emergency class then and there by intubation. 

Retrog^rade Laryngoscopy. 

Eetrograde laryngoscopy is the name given to the examination of 
the larynx from 1)elow l)y means of a tracheoscope introduced through 
a tracheotomy wound. This method may give valuable information. 
The tracheoscope should be 5 mm. in diameter and 14 cm. long for a 
child, and 8 mm. wide and 20 cm. in length for an adult. (Jackson.) 

Tracheobronchoscopy in Diseases of the Trachea and Bronchi. 

Diseases of the trachea and the bronchi which call for broncho- 
scopy are divided into stenotic and non-stenotic. 

Since the advent of bronchoscopy many cases considered as nerv- 
ous cough have been found on examination by tracheobronchoscopy 
to be due to visible and curable lesions. Bronchoscopy was given 
its first great impetus when it was proved that it is possible to remove 
by its aid foreign bodies lodged in the trachea and l)ronchi. This field 
has been well exploited. In this country at least, but little work has 
been done with it in the various diseases which can be disclosed and 
treated by it. In the near future there should be a great advance in 
this line. For the fullest knowledge that we have on this subject the 
reader is referred to the book of Von Schroetter. Ulcerations near the 
bifurcation of the trachea which were causing chronic cough have been 
found rei)eatedly and cured by applications. 

Chronic catarrhal inflammation of the trachea which does not 
yield to the usual fomis of treatment justifies direct examination and 
treatment. 

Asa surgical feat which as yet has not been duplicated many times, 
but which may at any moment become a common procedure, the finding 
of pus near the peripherj^ of the lung may be mentioned. Abscess of 
the lung due to a foreign body can be localized by the bronchoscope 
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and if the foreign body cannot be secured through the tube, the tube, 
or a probe passed through it can be used as a guide to the surgeon 
cutting from the outside. 

Stenosis of the Trachea. — Neighboring organs not infrequently 
press upon the trachea and cause its partial occlusion. The thyroid 
gland is a frequent oiTender. As a rule it presses backward and since 
one lobe is generally more enlarged than the other the resulting nar- 
rowing of the trachea occurs in the anteroposterior direction and 
somewhat laterally. When the retrotracheal portion of the gland as 
well as the anterior part enlarges the trachea becomes a narrow oval 
slit, the ** scabbard" trachea. 

It has been denied that enlargement of the thymus could produce 
difficulty in breathing, the so-called thymic asthma. Jackson reports 
a striking case in w^hich the condition was present. When the case was 
seen it demanded an immediate tracheotomy. This did not relieve the 
dyspnea. The passage of the tracheoscope showed that the trachea 
l)elow the incision was flattened almost to complete closure from before 
backward, but the insertion of a long tracheotomy tube finally relieved 
this dyspnea and then the gland was removed, the case resulting in a 
cure. Tubercular glands, especially those at the bifurcation of the 
trachea, malignant disease of the esophagus or of the mediastinum, 
and aneurism often narrow the lumen of the trachea or of the primary 
bronchi. The diagnosis of these conditions may be confirmed or estab- 
lished by bronchoscopy. 

Jackson gives the following table of diseases of the walls of the 
trachea and the bronchi w^hich cause stenosis: 

1. Malignant neoplasms. 
' 2. Benign neoplasms. 

3. Specific inflammations. 

(a) Syphilis. 

(b) Tuberculosis. 

(c) Glanders. 

(d) Typhoid fever. 

(e) Diphtheria. 

4. Inflammations. 

(a) *^ Catarrhal.'' 

(b) Irritative. 

(c) Traumatic. 

(d) Operative. 

( e ) Post-operative. 

5. Post-inflammatory conditions as cicatrices and adhesions. 

6. Vasomotor disturbances, angioneurotic edema. 
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Benign neoplasms are not frequent but when they are present they 
are well adapted for removal through the bronchoscope. In asthma 
sensitive areas have been found in the trachea and bronchi and appli- 
cations made to them gave relief. Syphilis is the most frequent cause 
of stenosis. Next come the naiTowings caused by the healed ulcers of 
diphtheria or of typhoid fever. Stricture of the bronchi from similar 
causes is occasionally seen. 

Treatment. — The treatment of stricture of the larynx by prolonged 
intubation has been described. Strictures of the cervical portion of the 
trachea associated with loss of the cartilaginous rings are probably 
best treated by plastic surgery which aims at holding the trachea open 
by the transplantation of some rigid material. The success of the 
transplantation of cartilage for the correction of nasal deformity may 
open up a method of dealing with these cases of tracheal stenosis com- 
bined with loss of cartilage. 

The treatment of low seated strictures of the trachea and of stric- 
tures of the bronchi is carried on along the same general lines as those 
employed for the treatment of strictures higher up, that is, the stric- 
ture is first dilated and then held open by intubation. Such strictures 
call for treatment because when they are small they interfere with 
breathing and expose the lungs to infection from the retention of in- 
fected secretions. Von Schroetter, who has carried on extensive in- 
vestigations in these cases, first dilates the stricture with a sponge 
tent and then inserts a metallic tube so made that it is readily retained. 
It would seem that a mechanical dilator would accomplish the dilatation 
more speedily than the tent. 

THE REMOVAL OF FOREIGN BODIES FROM THE LARYNX, 

TRACHEA AND THE BRONCHI. 

Foreign Bodies in the Larynx. 

Foreign bodies lodged in the larynx in most cases are either 
coughed up after the initial spasm of dyspnea caused by them or drop 
into the trachea or the bronchi. Occasionally the foreign body is 
loosened by the coughing and strangling and enters the esophagus and 
is swallowed. Sometimes the foreign body becomes impacted in the 
larynx and if it is large enough it speedily suffocates the patient. Now 
and then the foreign body may be small enough like a piece of egg shell 
to remain in the laiynx, or it may be of the right shape like a button 
or a coin to lodge in the ventricles. Examples of cases of both kinds 
are found in the literature. When such cases present themselves direct 
examination combined with the use of appropriate instruments is the 
best method of removing the offending foreign body. 
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The Removal of Foreign Bodies from the Trachea and the Bronchi. 

Until the advent of tracheoscopy and bronchoscopy the removal 
of a foreign body from the trachea was accomplished by performing 
tracheotomy. When a loose body like a seed was playing up and down 
the trachea seeking to escape it was often blown violently out of the 
wound by the first spasmodic expiration caused by entering the tra- 
chea. Such an outcome was dramatic and satisfactory. If, however, 
the foreign body was not free in the trachea but was impacted or was 
of a different nature from a seed, the old practice was to introduce for- 
ceps blindly and to fish for it. Many successful extractions have been 
performed in this manner. Many times, however, and the records are 
woefully incomplete as to how many times, the attempt at blind extrac- 
tion has failed and has caused the death of the patient. 

It was a natural and great advance in the treatment of these cases 
when, instead of the blind groping after foreign bodies in the trachea, 
the physician began to work by sight. Coolidge was the first to do this 
in America, in 1899. By using a female urethroscope he located and re- 
moved a piece of a tracheotomy tube which had become detached and 
had fallen into the trachea. Killian was the first to demonstrate the 
feasibility of removing a foreign body from the bronchus by means of 
a tube passed between the vocal cords. Killian devised and first 
practiced upper bronchoscopy, later he developed lower bronchoscopy. 
Einhom in 1902 devised an esophagoscope having an auxiliary tube in 
the wall of the main tube. In the secondary tube a light carrier was 
inserted through which two wires ran to a small electric lamp on the 
end of the carrier. Two years later Jackson used the mechanism of 
Einhom on the Killian tubes and added a second auxiliary tube for 
drainage purposes. Later the same investigator lengthened the bron- 
choscope and used it for exploring the stomach. He demonstrated the 
feasibility of introducing a straight tube into the stomach and taught 
the medical profession through his brilliant cases the value of the pro- 
cedure. 

The Choice of the Upper or the Lower Route. — Experience has 
proved that lower bronchoscopy is safer and easier than upper bron- 
choscopy. It is by all odds the safer procedure for the beginner. In 
infants and children under three years of age it is the operation of 
choice. Even with older children up to the age of seven or eight, if 
there is a loose foreign body which by its violent excursions up and 
down the trachea has caused trauma to the lower part of the larynx, 
or if the form of the foreign body is such that it is impacted, for ex- 
ample, a bean or a pin, lower bronchoscopy is surer and safer. If the 
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operator is skilled, upper bronchoscopy may be tried with children 
over three years old. Instances of success by this method are mul- 
tiplying. Unless the procedure is soon successful, however, it should 
be abandoned for the lower route. It is not so much the increased 
length of tubes required for upper bronchoscopy, which makes it 
less advisable in many cases than lower bronchoscopy — because the 
self-lighted tube carries its light at the end and increase of length is 
not a serious factor — as it is the reaction of the larynx to the manipu- 
lations and the danger of cardiac arrest. (Crile.) The latter danger 
can be obviated or minimized by the use of atropin. Killian lias col- 
lected nineteen cases in which after upper bronchoscopy an emergency 
tracheotomy was required. The gist of the matter seems to be that in 
the performance of upper bronchoscopy, a tracheotomy may at any 
moment be called for. Even after the successful outcome of the pro- 
cedure the same holds true. With infants and young children lower 
bronchoscopy is preferable. In a child of any age it is not good prac- 
tice to persist in upper bronchoscopy unless it is soon successful. 

Indications. — Tracheobronchoscopy is called for in any case in 
which the presence of a foreign body is suspected. The dangers of the 
procedure are so slight that even when the presence of the foreign 
body is not sure an exploratory bronchoscopy is indicated. This is 
especially true in the case of children. The only contraindication to 
bronchoscopy is the presence of serious organic or systemic disease. 

Dangers. — The chief danger in bronchoscopy occurs in the use of 
the upper route. This danger, as has just l)een pointed out, arises 
from edema of the larynx or from reflex cardiac arrest. Ingals has 
reported two cases of death, one three, and one six hours after the suc- 
cessful removal of a foreign body. These unexplained cases may have 
been due wholly or in part to the second of the dangers just mentioned. 
Apart from these two dangers the most conmion one is septic pneu- 
monia, from the trauma occurring during the manipulations of extrac- 
tion. Another danger and one which can be easily avoided is that of 
delaying the performance of tracheotomy when the patient begins to 
show signs which call for it. 

The Danger from Leaving the Foreign Body Alone. — The dangers 
to which the patient is exi)()sed by leaving a foreign l)ody in place are 
vastly greater than the danger to which he is exposed l)y the perform- 
ance of bronchoscopy at the hands of a man practiced in the art. The 
great danger incurred by a patient with a foreign body in the lungs is 
pneumonia, or abscess and gangrene of the lung. In most instances 
either complication is fatal. There are nuiny cases reported in the 
literature of foreign bodies which have remained in the lungs a long 
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time whose presence was known or unknown, and which have been 
finally coughed out. But, judging even from the incomplete literature 
of the cases of the opposite nature, it is found that such fortunate 
terminations are rare. Should the patient escape septic pneumonia 
and the foreign body remain in the lungs, he is exposed to tubercular 
infection later. Killian is authority for the statement that such cases 
not infrequently terminate in this manner. It should be said in fair- 
ness, however, that sometimes the lungs will tolerate a foreign body 
for a long time. The author has in mind a case in which Coolidge re- 
moved a wire nail which had been in the right lung of the son of a phy- 
sician for seven years. The symptoms were only an occasional cough. 
Another case occurs to the writer. This patient was a nurse. For 
five years now and without any discomfort she has had a metal clasp 
pin in her lung. The attempt to remove this pin was made on two or 
more occasions, once by Killian and once by Jackson. 

The degree of danger which accompanies the removal of a foreign 
l)ody naturally varies with its nature, shape and size, its location and 
the condition of the patient. Eounded objects are liable to fit a bron- 
chus tightly and to shut off air to the portion of lung supplied by it. 
Therefore they are most liable to cause gangrene and abscess. A 
pointed object like a pin or a nail allows air to pass but it produces 
trauma by its excursions in the respiratory blast or produces erosion 
by lying long in one position. Either condition leads to infection. 

Inorganic substances macerate and decay. When this happens 
they may be coughed out unless they have produced a fatal pneumonia 
before this take place. Seeds if uncooked do not macerate but swell 
on absorbing moisture and become firmly fixed in position. Peanuts, 
in this country at least, have proved to be very fatal foreign bodies 
to lodge in the lungs. The attempt at removal often crushes them and 
scatters the fragments deep in the tertiary bronchi. 

Roe collected 1,417 cases of foreign body in the air passages. In 
470 extraction was not attempted, and over 400 died, that is, the mor- 
tality was 27 per cent. This is to be compared with 94 cases of upper 
and lower bronchoscopy reported by Jackson in which the mortality 
was 3.2 per cent. If a foreign body is to be coughed out this generally 
occurs in the first twenty-four hours. Jackson sums up the matter 
fairly when he says **we do full justice to our patients when we tell 
them that while a foreign body may be coughed up, the chances of this 
are remote and it is very dangerous to wait; and further, the difficulty 
of removal increases with each hour that the body is allowed to re- 
main." 

Results. — Out of 94 cases of bronchoscopy the foreign body was 
removed in 85 per cent. (Jackson.) 
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S3anptoms. — Cough is the most constant symptom of a foreign 
body in the air passages. As the foreign body passes the larynx the 
cough is paroxysmal. Later at every attempt of the air passages to 
expel the intruder the cough is again paroxysmal. Some minutes or 
hours may elapse between the seizures. After a time the cough be- 
comes more constant. 

Dyspnea is a very frequent symptom. It is usually inspiratory 
but it may occur on expiration. The dyspnea is worse during the fits 
of coughing and at such times the patient may become unconscious. It 
should be borne in mind that a foreign body in the esophagus may, by 
pushing forward the soft trachea of a child, produce dyspnea. 

The temperature is usually elevated. This might be taken as evi- 
dence in the doubtful cases against the presence of a foreign body. In 
late cases in which pneumonia has set in naturally the temperature is 
elevated. 

Chills occur when an abscess has been produced about the foreign 
body. 

Hemoptysis is not present as a rule. It is associated with the aspi- 
ration of sharp substances. 

Pain is often present but it is generally poorly localized. 

Diagnosis — The fluoroscope is not reliable in locating a foreign 
body unless it is very dense. An X-ray plate should be taken in all cases 
and interpreted by an expert. The physician who is not accustomed to 
reading plates taken of the lungs is very liable to mistake spots of cal- 
cification along the main branches of the bronchi for foreign bodies. 
Unless there is marked dyspnea it should be the routine to obtain a 
radiograph. 

Metallic substances with the exception of aluminum show well in 
the plate. So do pebbles and objects of glass. Bones unless they come 
in front of another bone like a vertebra also show well. Fish bones 
come out poorly in the plate. Vegetable substances with the exception 
of some kinds of wood, do not cast much of a shadow. The same is true 
of peanuts and chestnuts without their shells. It is difficult to obtain 
a satisfactory X-ray of a young child unless it is etherized. Only in 
the case of a metallic foreign body when the plate shows nothing is it 
safe to permit the patient to go without an examination. Intermittent 
cough and dyspnea not to be explained in any other way and not associ- 
ated with fever is almost diagnostic of the presence of a foreign body. 

The Physical Signs. — The physical signs are of value in determin- 
ing the presence of a foreign body in the air passages if they are elicited 
and interpreted by a physician who i)ossesses a good and sufficient 
teehnic in auscultation and percussion. The physical signs are relied 
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upon most in those cases in which a positive X-ray cannot be secured. 
The following paragraphs which bear upon the physical signs and their 
meaning are abstracted from Jackson for whom they were written by 
Boyce. 

In the examination a distinction must be made between the signs 
due to the foreign body and those wliich are due to inflammatory con- 
ditions which soon supervene. 

A foreign body which is obstructing a bronchus may lead to atelec- 
tasis of the lung, If so, the usual signs are present. This occurrence, 
however, is not as frequent as is generally supposed. The most com- 
mon finding is a marked local diminution of the respiratory murmur 
with preservation or accentuation of the normal resonance. This may 
be called the typical condition. When a foreign body partially obstructs 
a bronchus it may give rise to a peculiar dry rPile, which is easily differ- 
entiated from that given by inflammatory or tubercular thickenings of 
the mucous membrance. These dry rales are limited to a definite area 
and occur for hours at a time. 

Bronchitis is the commonest inflammatory condition foUow^ing the 
inhalation of a foreign body. The secretions from this are soon dif- 
fused through the lungs and give the signs of a diffuse bronchitis. Dif- 
fuse bronchitis coming on suddenly, and especially if it is accompanied 
by bloody expectoration, is a most unusual condition and should raise 
the suspicion of the presence of a foreign body. The expectoration in 
foreign body cases is usually bloody and tends to become abundant, 
purulent and fetid. In such instances only the history and a careful 
examination of the sputum will rule out tuberculosis. If a localized 
abscess is i)resent or lobar pneumonia, the signs of these conditions are 
the same as when they are not associated with a foreign body. In one 
case plural effusion resulted from the presence of a foreign body and 
the patient was twice tapped. (Ingals.) 

Tuberculosis 'Svithout bacilli in tlie sputum," particularly if the 
disease is located near tlie base of the right lung, unilateral or unilob- 
ular bronchitis, and especially if hemorrhagic or fetid, atelectasis, ab- 
scess or gangrene, not otherwise explainable, should raise the suspicion 
of the presence of a foreign body in the air passages. 

The Location of foreign bodies varies with the size and shape 
of the objects. Bodies of some size usually lodge at the bifurcation of 
the trachea or enter the right main bronchus. Pins often lodge at the 
bifurcation, one-half the pin being in the trachea and the other half 
lying in a primary bronchus. (Fig. 154.) Pins and nails, however, not 
infrequently fall into the smaller bronchi. In the experience of the 
author pins and nails fro(|uontly lodge in the inner branch of the bron- 
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chus to the inferior lobe of tlio right hiiif?. Safety pins, if they are open, 
do not get beyond tlie trachea. 

The Technic of Removing Foreign Bodies.— The first thing to 
acconi])lish is to bring the foreign body into view. Tlic manipulations 
of tlie bronchoscope wliicli are necessary to accomplish this have been 
described. After locating the foreign body and obtaining a good view 
the next important step is to use the proper instrument for seizing it. 
Many a case has resulted in disappointment owing to the fact timt the 
physician went ahead witliont suitable instruments. Unless tlie case is 




desperate, time should be taisen to procure a forceps witli a tip fitted to 
grasp the particular object dealt witli. Beans and seeds call for a 
special tip. Pins luay be extracted witli the ordinary forceps, but in 
case the pin is impacted tlie pin cutter of Casselberry (Fig. 155) is 
essential. The usual bronchoscope has lateral openings in the lower 
third or half of its length so that air may not be shut off from the 
opposite lung during the examination. When dealing with a pin these 
openings should not come to tlie end of the tube, otherwise the pin may 
he caught in them. Open safety pins are best extracted with a closer 
(Briinings, Moslier, or llubhard). 
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Soft, pliable substances like rubber call for a eorkscrew-like instru- 
ment, as in the case reported by Richardson. 

The greatest difficulty is found in the extraction of small bodies 
deeply placed in the bronclii. These are often macerated or imbedded 
in swollen mucosa. In working in the smaller bronchi and near the 
periphery of the lung the physician may find it necessary, on account 
of poor light or the diminutive fold, to pass the forceps beyond the tube 
and to close them blindly. Before this maneuver is executed a mark is 
placed on the shaft of the forceps to show the length of tlie tube. 

Hooks of various shapes are useful to pass beyond a foreign body 
in order to prevent the forceps from pushing it down or to turn the for- 
eign body so tliat the blades of the forceps can grasp it. Tlie hook is 
passed flat until beyond the object and then turned and brought up. 





Fig. 155. 
Cassclbcrry ^s pin cutter. 

Care is required not to catch the end of a fully curved hook in the open- 
ing of a bronchus. 

In the case of liollow foreign bodies expanding forceps are of 
service. If tlie foreign body is lodged in a small cavity of the lung it 
may be necessary to dilate the opening into the cavity before the for- 
eign body will come into view and permit extraction. Jackson has 
devised a dilator for this purpose. 

Usually secretion is seen coming out of the bronclms in which the 
foreign body is lodged. Inflammatory swelling may indicate tliat the 
bronchus is invaded. A probe may be required to locate tlie foreign 
body. A suction apparatus is useful for removing fragments of seeds. 

The After-Effects of the Removal of Foreign Bodies. — Unless 
edema of the larynx follows the manipulations required for the removal 
of a foreign body, the after-effects of bronchoscopy are slight. There 
may be some hoarseness for few days or a slight localized bronchitis. 
This is trivial and soon disappears. 
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ES0PHA60SC0PY. 

History. — Soon after the invention of the laryngoscope attempts 
were made to see the opening of the esophagus by pulling the cricoid 
cartilage forward with appropriate specula and then obtaining a view 
by means of a mirror held above in the pharynx. These experiments 
led to no practical results. In 1868 Bevan by means of a thin speculum, 
and two years later Waldenburg by means of a tubular speculum 
14 cm. long succeeded in seeing the mouth of the esophagus. The latter 
also made an ocular diagnosis of a diverticulum. 

Stork was the first man to pass a solid tube into the esophagus and 
to carry out direct esophagoscopy. Kussmaul (1868) explored the 
esophagus with a rigid tube and published his observations on the nor- 
mal and the diseased esophagus, while his pupil Miiller established the 
important clinical fact that the normal esophagus should admit a tube 
13 mm. in diameter. The obsei'vations of Kussmaul, however, made 
little headway; later they were revived and popularized by Killian. 

Stork and Kussmaul, then, were the two men who gave esophagos- 
copy its start. V. Mikulicz, a follower of Stork, was the next worker 
whose results proved to be fundamental. By the year 1881 he had car- 
ried out most important anatomic and physiologic researches and had 
noted common pathologic changes. For the next ten years no special 
advances in esophagoscopy were made. Since that time this method of 
investigation has been pursued with vigor. The advances have been 
along the line of improved technic and new instruments. 

Anatomy. — The esophagus is a muscular tube which is the con- 
tinuation of the pharynx. It starts from the back of the cricoid car- 
tilage opposite the sixth cervical vertebra. At the mouth of the esopha- 
gus the lower border of the inferior constrictor muscle projects like a 
mound into its lumen and acts as a sphincter in a way similar to the 
action of the superior constrictor (Passavant's fold) in the upper part 
of the pharynx. 

Structure. — The esophagus has an outer muscular coat of two 
layers and an inner glandular coat covered with pavement epithelium. 
A connective tissue layer joins the two chief layers. The thickness of 
the esophagus is 3 to 4 mm. The outer layer of the muscular part con- 
sists of longitudinal fibers and the inner layer of circular ones. (Fig. 
156.) The anterior longitudinal fibers are attached to the back of the 
cricoid cartilage. The inner layer of circular muscular fibers is a con- 
tinuation downward of the fibers of the inferior constrictor muscle. 
The upper end of the esophagus therefore is the lower end of the 
pharj^nx, so that voluntary muscular fibers predominate. From this 
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it liappcns that a foreign body arrested at the entrance of the esopha- 
gus is often thrown back into the pharynx and into the mouth. 

Lymphatics. — The lymphatics of the esophagus enter both the 
mediastinal and the eer\'ical glands so that in suspected cancer of the 
esophagus the glands at the root of the neck should be examined. 

Position. — The esophagus has the vertebral column behind it and 
the traehea in front, and lies in the posterior mediastinum. At the 
fourth thoracic vertebra the arch 
of the aorta makes a transverse con- 
striction in it and a vertebra lower 
down, the left main bronchus, at the 
tifth thoracic, makes an oblique line 
across its front surface. Below this 
point the heart lies on it like a 
weight. In the lower part, the right 
and left pneumogastric nerves lie on 
the sides of the esophagus, and back 
of the arch of the aorta the thoracic 
duct crosses from right to left bo- 
hind it, on the front of flic vertebral 
column. (Fig. 157.) 

Direction. — The esophagu,< is 
placed for the most part a little to 
the left of the middle line. Midway 
in its course, at the fourth thoracic 
vertebra, it s^Wngs to the central 
line, back of the arch of the aorta, 
but at once goes to the left again 
and enters the stomach to the left 
and in front of the aorta, at the 
eleventh thoracic vertebra. This 
deviation from the center does not 
interfere with the passing of bou- 
gies or tube.'* except at the lower 
part where the esophagus pierces 
the diaphragm. (Figs. 158 and 159.) 

The Diameter. — Only in the region of the mouth of the esophagus 
is the diameter relatively fixed. The esophagus is constricted at four 
points. Of these the upper and the lower ones are the most important. 
The upper one is caused by the projection backward of the cricoid carti- 
lage, the lower by the encircling fibres of the diaphragm. The up- 




Fig. 156. 

Section o£ the human esophagus (Mod- 
erately magnified). The section ia trans- 
verse, and from near the middle of the 
gullet. (Quain's Anatomy — From a draw- 
ing by V. Horsley.) 

a, fibrous covering; b, divided fibers of 
the longitudinai muscular coat ; c, trans* 
verse muscular fibers ; d, Buhraueoiis or 
areolar layer; e, muscularia muco.^ie; /, 
mucous membrane, with vessels aJid part 
of a lymphoid nodule; ff, laminated epi- 
thelial lining; h, mueous gland; i, gland 
duct; nt, striated muscular fibers cut 
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per one hinders the introduction of the examining tube, the lower 
one obstructs the passage of the osophagoscope into the stomaeli. 
The first constriction is a transverse slit, slightly less than an inch 
wide; the second constriction is about of the same width. The long 
axis of this constriction is from right to left from behind forward. 




-pUUr ( diaT»1ir>LCB 



of till! csopliaguB from bdiimi. (From Tolill.) 



The lumen of the esctphagus at this point is subject to wide variations 
which depend upon the relaxation or the contraction of the diajihragiu. 
In addition to these two important constrictions there are two others. 
Often they are not seen unless closely watched for, and they disappear 
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completely if large tubes are used. The first of these minor constric- 
tions corresponds to the arch of the aorta, and is fonnd at the level of 

tlio junction of the first and second pieces of the slennim and in front 




Fiy. loS. 

ViPw of llie alomudi in silu alter runiuval of the liver Hiiii the intEBtine 
(excppt tlie <hiodeiiuiu mill eoni men cement of jejunum). (Quain, after 
Teslut.) 

A, dinphmgni; B, B', Ihorocico-filidoniiiial parielca; C, right kidney with. 
r, its ureter; D, right suprarenal capsuJe; E, left kidney with e, its ureter; 
F, si'leen; Q, G', aponeuroses of the transverse abdominal niuaclea; H, riglit 
quodratua ]um)>0Tuni muscle; H', left ditto; I, right psoas inagnua and 
pnmiH muBcles; I', left ditto; K| esaplmgus; L, Btoiuach; M, duodenum; 
N, jejunum; tlie poEitioD of the duodcno- jejunal junction behind the Btomuch 
ia indicated by dotted tines. 1, termination of egophagus; 2, great curv- 
ature of stomach; 3, tmiill curvature; 4, fundus; 5, antrum pjlori; 6, pyloric 
end; 7, rigUt va^s nerve; 8, left ditto; 9, thoracic aorta; 9', abdominal 
aortu; 10, inferior phrenic nrtory; Jl, celiac axia; 12, hepatic artery; 13, 
right gaatro-epiploic; 11, coronary artery; 15, HplBnlc artery; IC, 16', supe- 
rior mesenteric artery and vein; 17, inferior meaenleric ortory; 18, 
apcimatic arteries; IB, gall bladder; 20, cyatlc duct; 21, hepatic duct; 
22, inferior vena cavu; 23, porlnl vein; 24, sympathetic cord. 



of tile fourth thoracic vertebra. The last constriction, which is the 
third from above downward, is made by the crossing of the left bron- 
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ehus ill front of tlie csopliagus. It occurs at the level of tbe fiftli 
tliorncie vertebra. 

The Length of the Esophagus.^ — In mcu the distance from tlie in- 
cisor teeth to tile beginning of the esophagus is 15 em. and in women 
14 cm. The distance from the incisor teeth to the bifurcation of the 
aorta is 26 cm. in men, and 24 cm. in women. In men the length of the 
eso|ihagus from the incisor teeth varies between 36 cm. and 59 cm., the 
normal average distance being 40 cm. In women the figures are a little 
smaller, 3li to 41, the average being 38 cm. When flexible bougies are 
used for measuring 1 fo 3 era. should be added to these measurements. 

Distensibility. — All the constrictions of the esophagus are dis- 
tensible. Tlie upper constriction is less dilatable than the others, so 
that this is the one which gives the greatest trouble in osophagoscopy. 

The normal e.sopliageal wall, according to Jackson, will stretch 2 
cm. without rupture. At times foreign bodies stretch it more than this. 




Fig. 159. 
UmliT siirfai'p nf Ihc dinphriiRm. K, llintus psopliagus. Note tbe direc- 
tion of its axis. (After Jackson. ) 

In infants a tube of 7 mm. should pass readily and in the adult a 
tube which has a diameter of 14 mm. In infants a flexible bougie 8 
mm. should pass and in adults one that measures 14 mm. 

"With light stretching the transverse diameter of the esophagus is 
23 mm. at the cricoid cartilage and 17 mm. anteroposteriorly. The 
diameter of the esophagus as it goes through the diaphragm is 24 to 
25 mm. Two stomach tubes can be passed side by side. Briiniugs 
states that the esophagus at its mouth can be dilated to 30 mm. without 
danger. 

At the lower cud of the esophagus V. Mikulicz in Ills operation for 
cnrdiosi)asm stretched the lumen to 7 em. so that the hiatus hml a cir- 
cumference of 16 cm. 
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The distensibility of the esophagus is much greater in the living 
than in the dead. On the dead, when the esophagus is stretched trans- 
versely only it dilates to 40 mm., or one and one-half inches. The 
ordinary full-sized tooth plate is two and one-quarter inches (57 mm.) 
broad. A fifty-cent piece is one and one-eighth inches (30 mm.) wide. 
Since the transverse diameter of the esophagus is about one inch it 
would seem as if this coin should pass readily in an adult. The direc- 
tion in which the esophagus will stretch 
the most is from side to side. For this 
reason oval tubes take up the slack in 
the esophagus along anatomic lines bet- 
ter than round ones. 

The Subphrenic Portion of the Esoph- 
agus. — Beginning at the level of tlie 
bifurcation of the trachea the esophagus 
comes to the front and passes over the 
descending aorta and enters the abdo- 
men through the hiatus or the opening 
in the diaphragm. This subphrenic part 
of the esophagus varies much in shape 
according as the stomach is empty or 
distended. In persons of spare build it 
has a lateral range of movement amount- 
ing to 10 or 15 cm. (Fig. 160.) 

The Movements of the Esophagus. — 
The esophagus is never twice alike even 
in the same individual. At the level of 
the fourth thoracic vertebra (24 cm. 
from the teeth) the throbbing of the 
arch of the aorta can be seen if w^atched ^. ,^^ 

tor and a little lower at the level of the schema showing the range of 
seventh and eighth thoracic vertebra (30 '"^^^^^ Z^ ^^® gastroscope at the 

- XI • • rm ^ mouth of the esophagus and at the 

cm. trom the mClSOr teeth). The back- hiatus of the diaphragm. (After 

ward mounding of the heart and its •^^^^^s^^-) 
beating are visible. 

If a relatively small esophagoscope is used for the examination 
the esophagus opens with inspiration and partially closes with expira- 
tion. Tliese changes occur chiefly in the thoracic portion, and are due 
to the negative intrathoracic pressure. If a large tube is used the 
esophagus stands wide open after the cricoid cartilage has been passed 
and the respiratory changes nearly disappear. 

During swallowing peristaltic movements pass along the esopha- 
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gus from above downwards, while in vomiting the movements are 
reversed. 

There is good evidence to support the assertion that there is a 
sphincter at the cardiac end of the esophagus, due to the presence of 
two layers of muscular fibres as described by Hyrtl. According to 
Jackson, the presence of this sphincter is not the chief agency through 
which the regurgitation of food is prevented. This observer maintains 
that the kinking of the esophagus below the opening of the diaphragm 
and tlie increase of this twist by distension of the stomach has much 
more to do with keeping the food in the stomach than the presence of 
the cardiac sphincter. From a few anatomic findings which have come 
to the notice of the author he is inclined to think that Jackson's posi- 
tion will be sustained. 

Measurements of the Esophagus. — The following tables are com- 
piled from Stark. They are of use for reference. 

DlAMETKIlS OF THE ESOPHAGUS AT THE FOUR CONSTRICTIONS. 



Constriction. 


Diametor. 


Vertebra. 


Cricoid 


Transverse 23 mm. CI in.') 


Sixth perYi<»al 


Aortic 


Anteroposterior 17 mm. (J)4 in.) 

Transverse 24 mm. (1 in.) 

Anteroposterior 19 mm. (% in.) 

Transverse 23 mm. (1 in.) 


Fourth thoracic. 


Left bronchus 


Fifth thoracic. 


DiaDhrmrm 


Anteroposterior 17 mm. (% in.) 

Transverse 23 mm. (1 in. -f-) 

Anteroposterior 23 mm. (1 in. — ) 


Tenth thoracic. 







Length of the Esophagus at Different Ages. 



Teeth to Cricoid. 






Birth, 7 cm. (2-% in.) 

1 year, 10 cm. (4 in.) , 

2 years, 10 cm. (4 in.', 
5 years, 10 cm. (4 in.) 

10 years, 10 cm. (4 in.) 

15 years, 14 cm. (5^/^ in.) 

Adult, 15 cm. (0 in.) 



To Bifurcation. 



12 cm. 

14 cm. 

15 cm. 

17 cm. 

18 cm. 
23 cm. 
20 cm. 



(4% in.) 
(51^ in.) 
(6 in.) 
(G% in.) 
(7 in.) 
(9 in.) 
(101/4 in.) 



To Cardia, 



18 cm. 

22 cm. 

23 cm. 
20 cm. 
28 cm. 
33 cm. 
40 cm. 



( 6% in.) 

( 8% in.) 

( 9 in.) 

(lOVi in.) 

(11 in.) 

(13 in.) 

(15% in.) 



Length of Whole 
Ksophagus 



10 cm. 

12 cm. 

13 cm. 
16 cm. 

18 cm. 

19 cm. 
25 cm. 



4 in.) 
4% in.) 
5% in.) 
6% in.) 
7 in.) 
7% in.) 
10 in.; 



For memorizing the length of the esophagus at different ages the 
following approximate figures are given: Birth, 7 inches; 5 years, 10 
inches; 15 years, lli inches; 25 years or adult, 16 inches. Add three 
inches for every live years. (Stark.) 



Diameter of Tubes for Different Ages. 

To 8 years 9 mm. 

From 9 to 15 years 11 mm. 

From 17 years 12 to 14 mm. 

Adults 14 mm. (average.) 
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The esophagus begins 6 inches from the incisor teeth, back of the 
cricoid cartilage at the sixth cervical vertebra. It is 10 inches long, and 
goes through the diaphragm at the tenth thoracic vertebra, 16 inches 
from the teeth. It is crossed by the arch of the aorta back of the middle 
of the first piece of the sternum, 10 inches from the teeth. The measure- 
ments to be remembered in connection with it are, then, 6 and 10. 

Contraindications to Esophagoscopy. — The only contraindications 
to the performance of esophagoscopy are acute inflammation as after 
the swallowing of corrosive fluids, and aneurism of the aorta. The 
chief danger in the passage of the esophagoscope is rupture of the 
esophagus. This almost always results in infection of the posterior medi- 
astinum and death. Such an accident should be easily avoided by the 
selection of a tube of the proper size and by adhering always to the fun- 
damental axiom of all esophageal examinations, namely, the examin- 
ing tube must never be advanced unless the eye of the physician sees 
the open esophagus ahead through the tube. It is well, also, to remem- 
ber that in old i)eople the esophageal wall may be thin enough to rup- 
ture of itself so that in the elderly smaller tubes and greater care in 
using them are necessary. It has developed of late years that there is 
considerable shock from manipulations carried out in the esophagus. 
Indeed, w^orking in the esophagus causes more shock than working in 
the trachea and bronchi. Kelatively children do not bear esophageal 
examinations as well as adults. When a patient is poorly nourished, 
and especially if he is on the point of starvation from the presence of 
a stricture, it is better practice to open the stomach and feed the i)atient 
through a gastric fistula until his resistance has been restored before 
attempting any prolonged esophageal examination. 

Anesthesia. — The esophagus may be examined under local or gen- 
eral anesthesia. In European clinics local anesthesia is employed for 
adults almost exclusively. Children are examined under ether or 
chloroform. In this country many examinations are carried out under 
general anesthesia. The author is veiy much prejudiced in favor of a 
general anesthetic. If the manipulations under cocain anesthesia are 
successful the operator gains his point, but if tlie examination is nega- 
tive no conclusions can be drawn from it and the case remains in doubt. 
On the other hand, if the examination has been conducted under ether 
and the result is negative both the patient and the i)hysician feel con- 
fidence in the finding. Under ether larger tubes can be used which 
means a better view and a larger field for the manipulations. In addi- 
tion under such conditions the treatment called for by the case, for 
example the dilatation of a stricture, can be made more efficient. 

Instruments. — In esophagoscopy all bridges must be crossed before 
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the operator gets to them. In other words the physician must be 
willing to supply himself at the beginning of his work in this line with 
a full set of general and special instruments. As everything depends 
upon light it is good economy to have two sets of tubes, one set being 
the self-lighted tubes of Einhom-Jackson, and the other the extension 
tube of Briinings which is lighted by having the light projected through 
it from the electroscope. (Fig. 161.) 




Fig. 161. 
Jackson's esophagoscope. The drainage tube runs the whole length of the instrument. 

The list recommended is as follows: 



1. 

2. 
3. 
4. 

5. 
6. 
7. 

8. 
9. 



10. 
11. 
12. 

13. 
14. 
15. 
16. 

17. 



One 7 mm. Jackson tube. 

One 14 mm. Jackson tube. 

One adult tubular speculum (Jackson). 

One tubular speculum, children's size (Jackson); or one adjustable speculum 

(Moshor). 
One Briinings' or Kahler's electroscope. 
One Briinings' extension esophagoscope, about 7 mm. 
One Briinings' extension esophagoscope, 14 mm. 

Nine Coolidge's cotton carriers. Three 25, three 35, and three 50 cm. long. 
One grasping forceps with three shafts— 25, 35, and 50 cm. long respectively 

(Coolidge or Jackson);* or one extension forceps (BrUnings) with three tips — 

claw toothed tip, tip for grasping seeds, and a punch tip. 
One esophageal dilator (Briinings, Mosher). 

One metal prol)0 carr^'ing three graduated olives (Bunt pattern). 
One set elastic esophageal bougies from the smallest size to No. 40 (French). 

The scries should be complete up to No. 20. 
One Casselberry 's pin cutter. 

One Jackson's safety pin forceps; or one Mosher 's safety pin closing tube. 
One tooth plate cutter (Kahler or Mosher). 
One metal staff having a perforated olive at the tip. A set of graduated olives 

and a flexible introducer (Mixter and Mosher). 
One suction apparatus. Either a hand bulb, Jackson's secretion aspirator, or 

a suction apparatus run by electricity. When needed this last apparatus is 

a great luxury. 



The author does most of his esophageal work under ether and pre- 
fers to use as large a tube as the esophagus under examination will 
take. Accordingly he uses a large oval tube of two lengths. (Fig. 162.) 
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The tube has a mandarin which projects from the end an inch and a 
half. The pointed end of the plunger readily finds the opening of the 
esophagus and pushes the cricoid cartilage forw^ard and allows the 
tube to slip by. The tube has no secondary tube on the outside either 
for the light or for suction. The tube is therefore smooth. The in- 
troduction of the large tubes with secondary tubes on the side is 
dangerous because the tubes tend to cut. The author had one fa- 
tality due to this cause. Instead of the suction tube a short tube 
comes off from the main tube near its upper end. This is for the intro- 
duction of air. The tube is fitted wdth a metal plug which has a glass 
end. When this window plug is in place the esophagoscope becomes 
essentially airtight and the esophagus may be ballooned at will by 
closing the tube w^ith the window plug and then forcing air through the 
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Fig. 162. 

Mosher^s short length oval esophagoscope. This tube 
is 11 inches (28 em.) long, and % inch (19 mm.) in 
transverse diameter. The cut shows the mechanical device 
which locks the head of the light carrier into a notch in 
the side of the tube. This arrangement holds the carrier 
firmly in place and allows the insertion of the air-tig]it 
window plug in the mouth of the tube. The lower end of 
the lijrht carrier passes through a small ring inside the 
oval tube and near the lower end. (See Fig. 163.) 



secondary tube. A stout foot bellows is used for this purjiose. The 
light carrier runs inside of the main tube, and as it is not incased 
in a small tube of its own it runs freely at all times. (Figs. 162-167.) 
The secondary tube for the light carrier is bitten and dented con- 
tinually so that the light enters it poorly. The light of the oval tube 
is incased in a hood. This protects it during insertion and while the 
tube is in use. The light once adjusted in its hood bums much longer 
than when it is exposed to the dangers of passing through the sec- 
ondary tube. Each tube is fitted with a second or extra carrier so 
that the operator seldom has the annoyance of having to fit a new 
lamp during an examination. 

The Creneral Exajnination of the Patient. — A general physical 
examination of the patient should be made before esophagoscopy is 
attempted. Aneurism should be excluded and the condition of the 
heart ascertained. The patient's ability to swallow, the place where 
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Fig. 163 




Fig 164 




Fig. 165. 




Fig. 166. 







Fig. 167. 



Fig. 163. — Mosher's csophagoscope (short length). This tube is made in 
two lengths — 13 inches (28 cm.) and 17 inches (43 cm.) 

The lower fifjiiro shows the method of holdin^j the lower end of tlie lijjht 
carrier in jdace by passing it through a small ring on the inside of the main 
tube. 

Fig. 164. — Hood or cap which protects the lamp. This arrangement of 
the light carrier the author has found more satisfactory than the accessory 
channel on the outside of the tube. The outside channel makes a rib which 
on larger tubes tends to cut the soft tissue. The outside channel is con- 
stantly becoming dented so that the light carrier runs poorly and the con- 
tact of the lamp is disturbed. When the light carrier runs inside the tube 
and is protected by the hood there is much less trouble in keeping the light 
in good condition. 

Fig. ICh). — Long conical plunger for Moshcr's oval csophagoscope. This 
plunger extends beyond the end of the tube V/^ in. This i)lungcr readily 
enters the esophagus and pries the cricoid cartilage forward and allows 
the tube to follow after easily. 

Fig. 16(5. — Window plug for making the esophagosH-ope air tight and 
baUooniiig the esophagus. 

Fig. 107. — Different sizes of Mosher's oval esophagoscopes. 



LARYNGOSCOPY, BRONCHOSCOPY, ESOPHAGOSCOPY, ETC. 221 

he locates his trouble, and all the details about regurgitation or vomit- 
ing are important to obtain. The condition of the teeth is observed 
and the presence of crowns or bridges noted and remembered. The 
examination of the mouth and pharynx should know the existence 
of ulcerations or scars and the laryngoscope will give the condition 
of the larynx. If disease is present in the larynx it is often a part 
of a similar process in the esophagus or a clew to it. An X-ray plate 
is indispensable before many examinations. The plate shows the lo- 
cation of metallic foreign bodies and pieces of bone and buttons; it 
shows enlargement of the arch of the aorta and enlargement of the 
mediastinal glands, and combined with the ingestion of bismuth it 
shows the position of strictures, the size and location of diverticula, 
and the size of the dilated esophagus. 

The old practice of passing a bougie into the esophagus should be 
given up in most cases. If a foreign body is present the bougie may 
push it down or impact it or pass by and fail to locate it. If a carci- 
noma is present it will start bleeding and make the esophageal exam- 
ination more difficult. Many patients have been killed by forcing a 
bougie through the carcinomatous esophageal wall. If the physician 
is dealing with a case of cicatricial stenosis of the esophagus or a pouch, 
the bougie is safe and may give valuable data. The information, how- 
ever, is much better gained by the esophageal examination with the 
tube. 

In speaking of the risks of esophagoscopy it was stated that the 
greatest danger was the liability of perforating the esophagus. This 
can happen before the examination, as well as during it. If, therefore, 
a case presents itself for examination and the patient has great pain 
on swallowing along the line of the sternum, if the respirations are in- 
creased, if fever is present, and there is emphysema of the skin, the 
physician should suspect that the esophagus has already been perfo- 
rated and that an abscess is developing in the mediastinum. In such 
a case drainage of the abscess is indicated, not esophagoscopy. 

The patient should be examined with an empty stomach and if 
possible with an empty esophagus. 

The ease of esophagoscopy under local anesthesia depends upon 
the tolerance of the patient's pharynx. Briinings has a long, thin tongue 
depressor with which he tests the sensitiveness of the i)atient. The 
first introduction of the cotton swab in the preliminary application of 
cocain does just as well and soon settles the question as to whether or 
not the subject is an intolerable gagger. The experienced examiner 
always looks with anxiety at the patient's neck and teeth. If the upper 
jaw does not project and if the teeth are short, or better still, if there 



222 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

are no upper teeth, if the neck is long and thin and the lower jaw well 
rounded at the angle and freely movable the chances for a favorable 
examination are good. When opposite conditions are present the ex- 
amination is often difficult, sometimes impossible. 

Technic of Esophagoscopy Under Cocain Anesthesia. — By means 
of an appropriate applicator, that of Sajous is very convenient, a ten 
per cent solution of cocain is applied to the base of the tongue and to 
the posterior pharyngeal wall. After an interval of a few minutes, 
under guidance of the laryngeal mirror, cocain is placed on the tip 
of the epiglottis and allowed to run into the larynx. After another 
interval of some minutes the swab is carried down on the posterior 
pharyngeal wall to the opening of the esophagus and applied at this 
point and to the region of the arytenoid cartilages. It is well to repeat 
this deep cocainization at least once. It takes from fifteen to twenty 
minutes to obtain a satisfactory cocainization. 

Position of the Patient. — The patient can be examined either in 
the sitting position or on his back with the head over the end of the 
table and held by an assistant. The sitting position is best adapted to 
short examinations. It is easier for the patient especially if he is old 
or stout. Where it is essential to have the esophagus clean as in cases 
of spasm of the cardia with dilitation, stricture, or the presence of a 
foreign body, as well as with children or weak or sick patients, the 
prone position is preferable. 

If the sitting position is adopted the patient sits on a low stool 
25-30 cm. in height and an assistant stands behind him and holds the 
head. If the patient is examined on a table he may be placed on his 
back or on his side. Of the two lateral positions the left is the easier 
because the physician works with the right hand. If the teeth are 
missing on the right side of the upper jaw the right lateral position is 
preferable. If the incisor teeth have been lost the prone ])Osition is 
chosen. This position is selected also if the operator wishes to pass 
the esophagoscope into the stomach because in this position it is easier 
to bring the shaft of the esophagoscope to the right and to make the 
point enter the hiatus of the diaphragm and to traverse the subphrenic 
portion. In either the lateral or tlie dorsal positions the knees are 
drawn up sliglitly because the muscular relaxation caused by this 
makes the passage of the tube easier. 

The Introduction of the Esophagoscope by Sight. — The ideal way 
of introducing the eso])hagoscope is to insert it under the guidance of 
the eye. The patient, anesthetized with cocain, is placed on a low 
stool, and an assistant stands behind him and holds his head. Care 
should be taken that the head is not placed too far back as exces- 
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sive backward bending interferes with the insertion of the instrument. 
The room is darkened and the upper part of the extension esophago- 
scope, if the Briinings tube is chosen, is warmed and smeared with 
vaseline and attached to the electroscope. The operator holds the upper 
lip of the patient out of the way with the thumb and forefinger of 
the left hand. The first part of the extension esophagoscope is really 
an elongated tubular speculum ending in a pointed lip. It is, there- 
fore, introduced like the autoscope. That is, it is introduced into 
the mouth and steadied by the tip of the thumb of the operator's left 
hand, is carried back over the base of the tongue until the summit 
of the epiglottis is seen through the tube. At this point the handle of 
the gastroscope is raised and the lower end of the tube is passed over 
the epiglottis. The shaft of the tube is elevated until it lies snugly 
against the physician's forefinger which is guarding the incisor teeth 
or the gums if these teeth are missing. If the epiglottis is missed the 
point of the tube is almost certain to bring up against the posterior 
pharyngeal w^all much to the discomfort of the patient. After the tip 
of the epiglottis is recognized and passed, the end of the tube is car- 
ried down until the arytenoid cartilages are seen. These are readily 
made out if the patient is asked to phonate. The point of the tube is 
now swung a little backward to clear the arj^tenoids and the tube is 
advanced a few centimeters to the opening of the esophagufs. This ap- 
pears as a transverse slit. The end of the tube is now brought forward 
a bit in order to open the esophagus. If this does not happen the patient 
is almost sure to swallow and when he does so, the tube slips into the 
esophagus. Sometimes the patient must be asked to swallow before 
the tube will drop in. In difficult introductions the point of the tube 
may be placed deep in the left pyriform sinus and then swung round to 
the median line. As it does this it pries the cricoid cartilage forward. 
Once past the cricoid cartilage the progress of the tube is easy. The 
tube is now carried down, advancing slowly, to its full length, the 
examiner all the while guiding the point by looking through the tube. 
The tube must never be advanced unless the esophagus ahead is open 
to receive it. When the tube has been advanced to its limit the second 
tube is inserted inside the first one and can-ied down by sight. When 
the Jackson tubular speculum is used for the introduction of the esoph- 
agoscope the steps are the same as for the first Briinings tube. After 
the mouth of the esophagus has been located and made to remain open 
a Jackson esophagoscope is carried, through the speculum and into the 
esophagus. The speculum is then withdrawn. 

The Introduction of the Esophagoscope by Means of a Flexible 
Mandrin or Bougie. — A beaked, partially open speculum is carried 
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down to the opening of the esophagus. and a snugly fitting bougie is 
passed through it and carried into the esophagus. The speculum is 
withdrawn and an esophagoscope is passed over the bougie into the 
esophagus. This procedure, which often makes the introduction of 
the tube very easy, should never be used when it is the purpose of the 
examiner to determine the condition of the extreme upper end of the 
esophagus or when a foreign body is impacted in this locality. Another 
method of using the bougie as a guide is to pass a Jackson esophago- 
scope of the proper size below and behind the arytenoid cartilages and 
then into the opening of the esophagus. A bougie is then passed 
through the tube and finally the tube is pushed down over the bougie. 

The Introduction of the Esophagoscope Under General Anesthesia. 

— The patient is prepared for ether in the usual way. He is given an 
injection of one one-hundredth of a grain of atropin and one-sixth of 
a grain of morphin. The atropin produces a nearly dry esophagus ex- 
cept in those instances in which the esophagus is dilated and filled with 
food or a pouch is present and acts as a reservoir. A suction apparatus 
is not usually necessary, but is always a great luxury. The author 
is using it more and more. If the oi)erator works sitting, the table on 
which the patient is placed should be of the i)roper height to permit the 
surgeon to work at ease. If the operator prefers to stand the table 
should be placed on a platform large enough to hold not only the table 
but the stool for the assistant who holds the head and for the etherizer. 
The corner of the platform oi)posite the head of the operating table is 
cut out to allow standing room for the operatoi*. During the examina- 
tion should it become advisable to lower the head of the patient tin; 
operator is not forced to work on his knees. An assistant holds the 
patient's head over the end of the table. Tlis left hand supports the 
patient's head and his left knee sui)ports his hand while his foot rests 
upon a support of suitable height. The assistant should so grasp the 
head that he can transfer it at any moment to the i)hysician, be ready 
to receive the head back and to hold it in the n(»w position indicated by 
the surgeon. Thus the patient's head is continually i)assing from the 
hand of the assistant to that of the oi)erator. It is vital that the 
head should not be extended too far backward. If this is done the 
cricoid cartilage is held tightly against the sixth cervical vertebra and 
will not move forward before the advancing tube without the applica- 
tion of great force. A rough introdu(*tion of the esoi)hagoscope may 
cause sloughing of the i)osterior esophageal wall. This may have a 
disastrous outcome in a weak patient. The fonnation of the mouth of 
the esophagus calls for another word. It is bounded in front by the 
cartilaginous ring of the cricoid cartilage and behind by the body of the 
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sixth cervical vertebra. Only on the side where the pyriform sinuses 
lead into it are the walls composed of soft tissues. The natural channel 
for food into the esophagus is by way of the pyriform sinuses and ex- 
perience has shown that the pyriform sinus is the natural and the easiest 
channel through which to pass the esophagoscope. If the tube chosen 
for the introduction into the esophagus will not pass, the operator 
should at once select a smaller tube until one is found which will enter 
without being forced. The tubes which are most useful according to 
Briinings are 10, 12 and 14 mm. Practically every patient will admit 
a tube of one size or another unless the body of the sixth cei-A^cal 
vertebra is enlarged, or the cervical vertebrae are diseased. 

It is usually jjossible to pass the tube by sight and this method 
should be attemi)ted first. Suppose the Jackson instruments are se- 
lected. The procedure of introducing the esophagoscope by sight is 
as follows: If the teeth are intact or if they consist chiefly of stumps 
those of the upper jaw are protected by inserting a thin aluminum 
tooth plate. If the gums are bare of teeth the use of the tooth plate 
is just as important for the later comfort of the patient. In a hard 
introduction, no matter which instrument is used, the tooth plate 
should be employed until the tube is well in the esophagus because 
notwithstanding assertions to the contrary, teeth may be nicked, 
broken or forced from their sockets. Patients do not readily forget 
such an occurrence. The teeth, then, have been protected with a 
tooth plate and the assistant holds the head bent backward moderately. 
The jaws are kept slightly apart by a gag placed in the left corner 
of the mouth. The tongue is made to lie naturally and the end of 
the tubular speculum is carried along the central furrow of the tongue, 
and is pushed forward and downward until the tip of the epiglottis 
is recognized. The tip of the epiglottis and then the body of the 
epiglottis are picked up by the end of the speculum in turn and 
drawn forward until the arytenoids appear. These in turn are passed 
by inserting the point of the speculum behind them and forcing 
them forward, and the speculum is carried still further down. All 
the time the operator is making traction forward. When the proper 
depth has been reached the back of the cricoid cartilage is encountered 
and this like the structures above is pushed forward. At this point 
the mouth of the esophagus opens and the operator looks into the 
lumen of the esophagus for a considerable distance. In favorable cases, 
especially in infants and children, he can see down the esophagus 
almost to the inner end of the clavicles. With the cricoid cartilage 
drawn forward and the mouth of the esophagus gaping it is a simple 
matter to pass the esophagoscope through the tubular speculum into 
the esophagus, to remove the slide and to withdraw the speculum. In- 



226 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

troduction by sight is the ideal method, because in this procedure there 
are no blind points. It is not necessary to describe the introduction by 
sight of the Briinings extension esophagoscope. The first part of his 
double tube takes the place of the Jackson tubular speculum and is 
used in the same manner. After the esophagoscope has been inserted, 
if the purpose of the examination is to explore the whole length of the 
esophagus, pathologic conditions permitting, the tube is swung to the 
comer of the mouth on the right. If any teeth are fortunately missing 
on this side the barrel of the esophagoscope is made to lie in the tooth 
gap. Should it happen that the missing teeth are on the left side and 
the introduction difficult it is well to shift the tube to the left corner of 
the mouth. 

The Use of the Adjustable Speculum for the Introduction of the 
Esophagoscope. — The author has for some years worked with his open 
and adjustable spocuhim for the examination of the upper end of the 
esophagus and for the introduction of tlie esophagoscope. The specu- 
him is an adjustable tubular speculum with the right side cut away. 
Owing to this fact all the landmarks of the pharynx and larynx can be 
seen ahead of the speculum and in their proper perspective. There is 
a large lateral excursion for the eye, which reduces the eye strain, and 
makes the introduction of the tube easier, thus giving a greater play 
for instrumentation about the arytenoids, in the pyriform sinus and in 
the upper part of the esophagus. The speculum is introduced in the 
same manner as the tubular speculum of Jackson. Should the purpose 
of the examination be to examine the esophagus below the clavicles, 
the cricoid cartilage is pulled forward, the upper portion of the esoph- 
agus is exposed, and then the esophagoscope is passed by sight 
through the speculum into the esophagus and the speculum taken out. 
The tooth plate, if it has been used, is retained or not at the discretion 
of the examiner. 

Passing the Jackson Esophagoscope by Sight. — The Jackson 
esophagoscope can often be passed by sight, especially if a tube of 
moderate size is selected. The manipulations are the same as in the 
introduction of the tubular speculum. The field given by the esophago- 
scope is, of course, somewhat smaller than that which is given by the 
tubular speculum. This diflference in an easy examination amounts to 
nothing. When the esophagoscope has been passed by sight to the 
arj'tenoid cartilages the ])oint is swung to the right into the pyriform 
sinus and entered deei)ly at this ])oint. When it reaches bottom, so to 
speak, the point is swung back to the middle line. As this occurs the 
tube forces the cricoid cartilage forward and slips into the mouth of 
the esophagus. 

Passing the Oval Tube by Sight. — As the author has done prac- 
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tically all his work upon the esophagus under ether anesthesia, he 
prefers to use for the esophageal examination as large a tube as the 
esophagus can be made to take. Oval tubes take up the slack of the 
esophagus along anatomic lines better than round ones. For this 
reason tlie writer employs large oval tubes. These are made in two 
lengths — an eleven-inch tube and an eighteen-inch tube. So many of 
the pathologic conditions of the esophagus are found in the upper part 
and the eye strain is so vastly increased by looking through a long 
tube that it is economy of eyesight to have tubes of two lengths. The 
short oval tube is selected and passed by sight to the right pyriform 
sinus. At this point the transverse axis of the tube is made to lie 
anteriorly by rotating the tube to the right. The tube will then sink 
further into the sinus. When the point of the tube is as far in the 
pyriform sinus as it will go without being forced, the tube is rotated 
back to its original position with the long axis again transverse. As 
this manipulation is carried out the left edge of the oval tube insinuates 
itself behind the body of the cricoid cartilage, thus pushing it forward, 
and the tube enters the esophagus. All these manipulations are seen 
by the examiner as he guides them through the tube. The field which 
the large tube gives is so superior to that afforded by a round and 
smaller tube that every legitimate effort should be made to introduce 
as large a tube into the esophagus as will pass the cricoid cartilage. 
Even a large oval tube seems too small for the calibre of the esophagus 
once the cricoid cartilage has been passed. The examiner gets this 
impression even in the normal adult esophagus, to say nothing of the 
dilated esophagus of cardiospasm. 

The Passing of the Esophagoscope by Aid of a Mandrin or a 
Flexible Bougie. — In the early days of the esophagoscope it was almost 
always introduced by means of a projecting plunger or mandrin. 
At first the mandrin had a rigid end; later flexible tips were added. 
To all intents and purposes the elastic bougie is a mandrin with 
a flexible tip and is so used today. The mandrin is chiefly employed 
with the finger tip introduction of the esophagoscope or the gastro- 
scope. There is no great or vital objection to the use of the man- 
drin if the examiner is sure that the pathologic condition is well 
down the esophagus or if, as in gastroscopy, he is to pass the tube 
through a normal esophagus. The procedure is carried out as follows: 
The examiner holds the esophagoscope in the right hand and with 
his thumb steadies the head of the plunger. With the forefinger of 
the left hand he feels the right arytenoid cartilage by forcing his finger 
well down the patient's pharynx. Along the inner surface of the left 
forefinger of the examiner the esophagoscope is carried into the right 
pyriform sinus. When the end of the instrument has reached this 
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point a little twist of the end of the tube to the left carries the tube into 
the esophagus. With a tube of medium or small diameter this method 
of introduction is the quickest and easiest. The disadvantage of the 
procedure need not be dwelt upon after what has been said of the 
advantage of the introduction by sight. The large oval tube which is 
used by the author is fitted with a conical rigid plunger which projects 
from the end of the tube an inch and a half. The plunger is used 
in tliose cases in which the ocular introduction of the oval tube does 
not succeed. The oval tube is carried down by sight and the attempt 
is made to pass it by sight after the method w^hich has just been 
described. If this fails the plunger is put in and gently forced home. 
The plunger is so long and pointed that it finds its way behind the 
cricoid cartilage, dislocates it forward and allows the tube to follow 
on after it. 

Tlie introduction of the csophagoscope with flexible bougies is 
best adapted to round tubes. The bougie can first be introduced by 
the finger tip method or the tube can be carried to the entrance of the 
esophagus by siglit and then the bougie passed through it and into the 
esophagus. The tube may then be slipped down over the bougie. 

The impression may have been given by what has been said con- 
cerning the introduction of large tubes that they should be used at 
all costs. This is not the impression which tlie author wishes to leave. 
If a large tube can be used, and it can be used under ether without 
danger oftener than is generally recognized, it should be employed. It 
must be remembered, however, that if the introduction of a chosen tube 
is not easily successful, that tube should be discarded at once for a 
smaller one. Obstinacy on this ))oint will lead to disaster. 

The Appearance of the Normal Esophagus. — Under good illumina- 
tion the color of the mucous membrane of the esophagus is a whitish 
pink like that of the mouth. Poorly lighted or when inflamed the color 
changes to a red of varying depth. After trauma, the mucous mem- 
brane soon becomes edematous. When examined Avith small tubes the 
w^alls of the esophagus are thrown into large longitudinal folds, and on 
looking through the tube they are seen indenting the circumference 
of the central dark area which represents the lumen of the esophagus. 
These folds are especially numerous at the mouth of the esophagus 
behind the cricoid cartilage. They make it hard to be sure of the 
l)athologic lesions in this locality. Below the cricoid cartilage and in 
the cervical region the lumen is seen to enlarge with inspiration and 
to close down again, but not entirely, during expiration. When a large 
tube is used the examiner can often look down the esophagus a long 
way ahead of it. As the esoi>liagoscope reaches the first piece of the 
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sternum the pulsation of the arch of the aorta can be seen through 
the anterior wall. A little lower the heart mounds into the anterior 
wall on the left. The beating of the heart is visible and when the 
tube has passed beyond and the heart lies against it, the tube often 





Fig. ins. 
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Fig. 171. 



Fig. 16S. — The normal esophagus above the hiatus of the diaphragm, 
and with the diaphragm contraetod. 

Fig. 169. — The esopha^oscopo has been puslied through the hiatus of 
the diaphragm and entered the subphrenic portion of the esophagus. The 
cliaracteristic longitudinal folds of this part of the esophagus are shown. 
They converge to the left upon an ill-defined transverse slit which is the 
cardiac opening. 

Fig. 170. — The esophagoscope has been carried through the cardiac open- 
ing of the esophagus into the stomach. The stomach appears as a funnel- 
shaped cavity. On the lower wall of this the rugae of the stomach are seen. 

Fig. 171. — The drawing shows the esophagus just above the hiatus of 
the diaphragm. The patient was examined under ether and with an oval 
esophagoscope. On the patient's right the rim of the hiatus is partially 
contracted and mounds into the lumen of the esophagus. Later in the ex- 
amination when the diaphragm became fully relaxed this ridge dis- 
appeared. Below and beyond the ridge the subphrenic portion of the 
esophagus is seen. The characteristic longitudinal folds veer to the left 
and end in the cardiac opening. The cardiac opening is in a state of 
spasm. 

(Drawings by the author.) 



vibrates in unison with the heart beat. The hiatus of the esophagus 
appears as a slit on a rosette. The axis of this opening through the 
diaphragm is oblique, running from right to left, from behind forward. 
The subphrenic portion of the esophagus usually shows no lumen, but 
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I'ig. 172. — Normal esophagus during quiet breathing. Small eaopha- 
goscope. 

llg. 173. — Normal esophagus during deep renpirntion. 

Fig. 174. — Stricture of esophagus with sears radiating from its lumen. 

Fi^'M. 175 uml 17G.— Cnrcinoma of the esopliagiia. 

Fig. 177. — Fish bono in the esophagus. 

(After Stark.) 
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opens as the tube passes through it. The mucous membrane of this 
part is so much like that of the stomach that it is hard to tell where 
the esophagus ends and tlie stomach begins. The mucous membrane 
of the stomach, however, is a darker red than that of the esophagus 
and the longitudinal folds of the esophagus give place to the familiar 
rouge. 

The mouth of the esophagus and the hiatus are the two places 
where it is alwaj^s difficult for the examiner to be sure of his findings. 
The difficulty at the first place is due chiefly to the folds of the mucous 
membrane. These can be stretched out by passing the esophageal 
dilator well into the mouth of the esophagus and opening it suffi- 
ciently to displace the cricoid cartilage strongly forward. If a true 
web is suspected the withdrawal of the open dilator will make its size 
and position plain. The introduction of a small tube through the pyri- 
form sinus is very liable to push a fold of the mucous membrane ahead 
of it and produce an artificial web or fold. Once the cricoid cartilage 
has been passed the further progress of the esophagoscope is usually 
easy. The examiner should always see the open esophagus ahead 
through the tube before the tube is advanced. When no lumen appears 
the end of the tube is generally pointed too much to the side and is 
out of line with the long axis of the esophagus. If, on correcting the 
position of the tube, the lumen of the esophagus is still unnoticeable, 
its position can be made out by inserting the window plug and filling 
the esophagus with air. The author considers this expediency of the 
utmost value. Once the lumen has been found tlie tube can be carried 
further down. 

In order to enter the hiatus it is necessary to carry the shaft of the 
esophagoscope to the right corner of the mouth and the point of the 
tube to the left, beginning the search in the right posterior quadrant 
of the esophagus. It is at this point that the hiatus is most readily 
found. When the point of the tube cannot be made to enter the hiatus 
and to proceed through the kinked subphrenic portion of the esopha- 
gus, a bougie passed through the esophagoscope and into the sub- 
phrenic portion will often guide the tube into the stomach. The author 
relies upon ballooning the esophagus and thus finding his way. After 
the esophagus has been examined all the way to the stomach the tube 
is withdrawn and the whole of the esophageal wall is reexamined. 

THE DISEASES OF THE ESOPHAGUS. 

The chief symptom of disease of the esophagus is obstruction to 
swallowing. Diseases of the esophagus, therefore, fall into two groups, 
those which cause marked stenosis and those which do not. New 
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i^rowtlis form an important subgroup. As elsewhere in the body a new 
growth may be benign or malignant. Foreign bodies in the esophagus 
make the final important group to be considered. 

DISEASES OF THE ESOPHAGUS WHICH CAUSE STENOSIS. 

Acute Inflajiimation. 

Following the swallowing of a corrosive such as lye (washing 
powders), carbolic acid, or corrosive sublimate, the esophagus becomes 
acutely inflamed and more or less completely closed. Bough, impacted 
foreign bodies also cause a local inflammation. This may be more or 
less general if the foreign body has caused extensive trauma. 

After the swallowing of a caustic it is better to wait for a few 
weeks, perhaps a month or two until the inflammatory disturbance has 
subsided before examining the esophagus with the esophagoscope or 
before passing bougies by the aid of the esophagoscope in the hope of 
preventing the fonnation of cicatricial strictures. This caution is 
especially necessary in dealing with young children. In such cases it 
is probably better to open the stomach without delay and to nourish 
the child through the gastric fistula until it has regained its powders of 
resistance and is once more well nourished. If a foreign body has 
caused the inflammatory stenosis of the esophagus, it must be removed 
at once. 

Stenosis of the Esophagus Due to Cicatrices. 

Cicatricial stenosis of the esophagus may be the result of opera- 
tion, i. e., removal of the glands of the neck, or excision of the larynx. 
Traumatic stenoses are caused by gunshot wounds and by swallowing 
sharp foreign bodies. Systemic diseases, which are at times associated 
with ulcerations of th(? esophagus, may also cause cicatricial stenoses. 
Syphilis and typhoid fever are occasionally responsible for such stric- 
tures. Pneumonia may produce the same condition, but cicatricial 
strictures are most common after the swaUowing of some escharotic. 
When home-made soap was common, children drank it by mistake. 
Today they drink solutions of corrosive sublimate, which are kept to 
destroy vermin, or the various washing comi)()unds containing caustic 
soda. 

It may be years bc^fore cicatricial strictures finally shut down. 
Adult pati(»nts not infrecjuently ])resent themselves who give a history 
of having swallowed some caustic in childhood and who have had only 
moderate diflicultv in swallowing for vears. 

The Location of Strictures. — (-austic strictures form most readily 
at the point where the esophagus is the narrowest. They are founds 
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thorofore, most comnionly at the upper or lower end of the esoi)hagus. 
Occasioiiallv a stricture is found at the level of the clavicles. Not un- 
commonly there will be a stricture at the level of the clavicles and a 
second and larger one at the cardiac end of the esophagus. The usual 
tight stricture is about an inch long. At times the whole lower half 
of the esophagus is narrowed, making one long stricture. The au- 
thor met this condition once as the result of ulcerations of the mouth, 
pharynx and esophagus during pneumonia. Partial band-like stric- 
tures may precede and guard the opening of the chief stricture. The 
esophageal wall above a stricture is dilated. This sac-like pouch en- 
gages the end of a bougie and keeps it from finding the lumen of the 
stricture easily. When, however, the esophagus is examined w^ith the 
esophagoscope, especially if a tube of good size is used, the lumen of 
the stricture is easily made to come opposite the end of the tube. 
(Fig. 176.) 

The Diagnosis and Treatment of Esophageal Strictures. — The best 
method of detennining the presence of an esophageal stricture is to 
pass the esophagoscope. The larger the examining tube the easier it 
is to find the constriction and to make the lumen of the stricture center 
with the end of the tube. The mere presence of a stricture can be made 
out with a small tube and the examination carried on under cocain 
anesthesia. The accurate mapping out of a stricture, however, and its 
maximum dilatation are possible only under general anesthesia. For 
this reason the author feels that time is wasted in examining a cica- 
tricial stricture under local anesthesia. AVhen, therefore, a patient is 
to be examined for a cicatricial stricture he should be etherized and 
placed on the examining table with the head hanging over the edge 
and as large a tube introduced as can be made to pass the cricoid 
cartilage easily. Under direct vision the tube is carried down to 
the stricture and the lumen of the stricture made to correspond with 
the center of the tube. The author's experience has been that this is 
easy to accomplish. Occasionally ballooning the esophagus w^itli air 
helps to find the opening of the stricture. After the dilatation of a 
small stricture has been begun the ballooning is an easy way of keep- 
ing the blood out of the mouth of the stricture. To return, after the 
stricture has been found and its opening centered at the end of the 
tube, the lumen of the stricture should be tested with an elastic bougie 
of appropriate size. If it happens that the lumen measures 20 F. or is 
easily dilatable with soft bougies up to this calibre, the metal dilator 
(Fig. 178) is carried by sight through the stricture and the dilating 
mechanism expanded until marked resistance is felt. The dilator is 
kept expanded for two or three minutes and then closed. After a 



234 



OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 



short interval the stncture is again put on the stretch. By coaxing 
the dilatation a marked gain in the lumen of the stricture is soon at- 
tained. It is surprising how readily even old strictures will yield. The 
author so far has not found it necessaiy to cut a stricture in order to 
make dilatation possible. No rule can be given as to how fast to dilate 
or how much. Until more data have been accumulated upon this point 
the operator must use his best judgment. The aim is to get the max- 
imum dilatation so that a good sized bougie can be passed easily after 
the examination. In a boy of seven years with a year old corrosive 




Fig. 178. 

Mosher^s mcehanicjil dilator, with two tips. A, tip for use in stricture 
of the esophagus; B, tip with larger expansion for use in cardiospasm. 

stricture which would not admit a 16 F. bougie without ether and in 
whom under ether a 20 F. passed firmly, I was content with a dilatation 
to 34 F. In a woman of forty with a stricture which had existed since 
childhood and which admitted without ether a number 20 F. bougie 
with difficulty, the dilatation was carried carefully up to 42 F. This 
was sufficient to allow the passage after ether of a 32 F. bougie. The 
dilatation was subsecjuently increased by the weekly passing of elastic 
bougies up to 36 F. Kapid dilatation under ether saves months of 




Fig. 179. 

Modified Bunt's olive-tipped metal bougie. This instrument is used 
for starting the dilatation of small strictures of the esophagus. 

time. Experience has proved that rapid dilatation is safe if carried out 
with ordinaiy caution. 

In the treatment of strictures in which tlie lumen is so small that 
the smallest elastic bougies will not pass, much can be accomplished 
by the gentle use of a staff carrying small metal olives (Fig. 179.) With 
the smallest olive an eighth or a (juarter of an inch of the stricture is 
picked or teased open. After this an elastic bougie of slightly larger 
size is introduced in the ho])e of increasing the dilatation. The use of 
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the metal olive should be most guarded. All the while the operator 
must be conscious of the true axis of the esophagus because any devia- 
tion from the proper line will result in a perforation and the probable 
death of the patient. In long tight strictures it is not necessary that 
the lumen be restored tlirough the whole length of the stricture at the 
first sitting, because experience has proved that it is better in such cases 
to open the stomach at once and to get the i^atient properly nourished 
before very tight or very long strictures are dilated. When an emaci- 
ated, half-starv^ed patient presents himself, and especially in the case 
of children, it is better surgery to open the stomach at once and to 
restore the patient's resistance by feeding before attempting the dila- 
tation of a difficult stricture. If this had been done there is no hurry 
so that the stricture may be opened up gradually. 

The following histories are given as illustrations of typical cases 
of stricture : 

Case Number 1. — A bov two vears old drank a caustic solution and three months 
later developed marked dilliculty in swallowing. ^Nfilk became his only food. One day 
this would stay down, the next the greater part of the milk would be regurgitated soon 
after it was swallowed. A number 16 F. elastic bougie met with resistance at the lower 
end of the esophagus and would not enter the stomach. 

Under ether a stricture was found at the cardiac end of the esophagus, and a 
moderate dilatation of the esophagus above it. The stricture proved to be an inch long. 
It dilated readily with elastic bougies to 20 F. From this measurement the dilatation 
was carried to 32 F. with the mechanical dilator. As was just said it was impos- 
sible to pass even a small bougie into the boy's stomach before the etherization and 
dilatation, but afterwards a number 32 F. could be introduced easily. The family phy- 
sician passed a number 32 F. bougie once a week. The boy soon became well nour- 
ished again. At the end of a year and a half the mother of the child reported that he had 
no difficulty in swallowing. 

Case Number 2. — A woman in the forties gave a history of marked difficulty in 
swallowing for two months, and of pain in the ejiigastric region. She was moderately 
well nourished and was living on milk and soft solids. The patient stated that when she 
was a small child a jdaymate offered her a drink of vitriol. Since this happening she 
had had a moderate and stationary amount of trouble with swallowing. For the last 
month, however, the trouble had suddenly increased and she had begun to have pain in 
the region of the stomach. 

A number 20 F. bougie encountered resistance at the cardiac end of the esopha- 
gus and entered the stomach with difficulty. The X-ray showed that the lower half of 
the esophagus was narrowed. 

The ether examination disclosed a stricture at the level of the clavicle. The 
lumen of this was about 30 F. This stricture was easily dilated with the mechahical 
dilator so that it permitted the passage of a tube meivsuring half an inch. A second 
stricture was found at the cardiac end of the esophagus. The second and lower stric- 
ture was dilated with elastic bougies up to 22 F. and then the mechanical dilator was 
introduced and the stricture stretched slowly and at intervals of a few minutes up to 
a final dilatation of 42 F. At thit^ point the resistance to the dilatation became extreme 
and it was discontinued. 
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The instrumentation \vas not followed by any riFc in temperature, but for a few 
days there was an increase of the epigastric pain, and for three or four days the 
ability to swallow was lessened. By the end of the week the pain had disappeared and 
the patient was swallowing better than before the operation. At this time a number 
oO F. elastic bougie passed without difficulty. For about a year afterwards bougies were 
passed on the average of every two weeks. Today a number 30 F. passes without diffi- 
culty and the woman eats everything. 

This case shows that wliere there are two or more constrictions the 
hougie locates only the smaller one. From the age of the lower stricture 
and from its finnness at the beginning of the dilatation the author was 
of the opinion that it would have to be cut before any increase of 
its lumen could be accomi)lished. A little patience in the use of the 
mechanical dilatoi*, however, soon proved that this supposition, how- 
ever natural, was wrong. This case shows, therefore, the possibilities 
of rapid dilatation even in old strictures. It shows further, that the 
bismuth X-ray examination reveals only the upper stricture and gives a 
false impression of the condition of the esophagus below the first nar- 
rowing. 

Case Number 3. — Two years ago a boy of five was brought to the Massachusetts 
General Hospital starving from the elTects of a corrosive stricture of the esophagus. His 
stomach was opened under cocain anesthesia, a tube inserted, and the boy brought back 
to proper nourishment and resistance by stomach feeding. Then attempts were made to 
pass the stricture from above by introducing bougies and by having the boy swallow a 
string to act as a guide for a perforated olive on a metal staff. These attempts failed. 
The attempt also failed when the stricture was attacked from below through the gastric 
fistula by means of a cystoscope. 

A year later the boy again entered the hospital. He was still fed through a tube 
in the gastric fistula. He was at this time the picture of health, fat and pink. The 
X-ray revealed a constriction of the esojdiagus beginning at the level of the nipples and 
continuing on to the stomach. Above the stricture the esophagus was much dilated. 
Kxamination with chemicals proved that nothing could reach the stomach. 

Dr. S. J. Mixter, to whose wards the boy was admitted, kindly asked the author to 
see the case. The examination under ether showed that the upper half of the esophagus 
was dilated and that the stricture began as the X-ray had shown, at the level of the 
nipples. The lumen of the esophagus was reduced to a central opening about one-six- 
teenth of an inch in diameter. A filiform bougie would just engage in this and then 
would enter no farther. Having gained this information from above an attempt was 
made to pass the stricture from below through the gastric fistula, by using a small 
short bronchoscope. This was not successful. Then Dr. Coolidge took the broncho- 
scope and worked from below while the author worked in the esophagus from above 
using a small esophagoscope. This double attack on the stricture made no gain and the 
manipulations from below were discontinued. The author soon found that on using 
the small metal olives on the end of a metal staff the lumen of the stricture could be 
entered a short distance, [lerliaps an eighth of an inch. Encouraged by this he persisted 
in the use of tlie metal (dive using first the metal olive and then a small elastic bougie 
of slightly larger size. The result of the first day's work was the ungluing of about 
an inch of the stricture. No reaction followed the niani])ulations. 

Two weeks later the boy was etheri/ed again and the same manipulations repeated. 
A second gain of nearly an inch was se<'ured. During this second session at the stric- 
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ture the ballooning attachment was employed from time to time in order to clear the 
blood from the lumen of the stricture and in the hope that some of the air might find 
its way into the stomach. Air finally did enter the stomach and could be detected com- 
ing out of the gastric fistula. This happening was most comforting and encouraging. 
It proved that the metal olive was following the right line and that the lower inch of 
the stricture was pervious to air. Without the confidence which this finding gave the 
author might have given up the attempt to pick apart so long a stricture, because if the 
lino of tho stricture was not adhered to closely the olive would pcrfonitc the walls of 
the esophagus and convort the case into a tragedy. After a second interval of rest, about 
two weeks, the boy was etherized for the third time. The gain made at the other exam- 
inations was found to be retained. Air still could be forced into the stomach, and aft 
a little manipulation the olive also entered. This was followed by soft bougies until 
the lumen of the stricture was increased to 20 F. The mechanical dilator was then 
put in and expanded at intervals to 28 F. The manipulations ended by carrying into 
the stomach a thread and bringing the upper end of this out of tho mouth and fixing 
it over the car. 

Three or four days later the perforated metal olive on a long staff was carried 
down on the thread into the stomach. The boy began to drink milk. It was soon pos- 
sible to pass the olive through the stricture T^ithout using the string as a guide. This 
was fortunate because the thread was vomited after a few days. The further treat- 
ment of the case consisted in passinj^ larger and larger olives at approi)riate intervals 
until a final dilatation of :\(\ F. wns reached. 

In this case an absolute strictnre three inches lon^ and a year old 
was opened nj) j)iecenieal witli a final hnnen of *MV V. The previous 
treatment of the case along general surgical lines had failed. This 
fortunate case, therefore, shows in a striking manner the possibilities 
of the treatment of strictures by the es()phagosc()i)e and by appropriate 
instruments used through it. 

The Use of a Thread as a Guide in Esophageal Strictures. — The 

procedure of having the patient swallow a thread was a great advance 
in the general surgical treatment of strictures of the esoi)hagus. It is 
mentioned in connection with the use of the esophagoscoj)e because 
occasionally advantage may be taken of this procedure in connection 
with the use of the tube. The swallowed thread may be used to guide 
the esophagosc()])e to the lumen of the stricture, although as the oper- 
ator becomes accustomed to the use of the esophagoscope and resorts 
to ballooning, he will find the swallowed thread less and less necessary. 
Tlie chief use of tlie thread is its employment as a guide for the metal 
olive after the rapid dilatation. When used in this way a yard or two 
of stout waxed tlirc^ad is wrapped about a small button and thi» button 
is carried into the stomach through the tube during tlie examination 
and after the stretching. The upper end of the thread is brought out 
of the mouth and fastened over the ear. Generallv tlie use of the thread 
as a guide for the metal olive and its stalT is necessary foi* a few days 
only, b(»cause the operator soon becomes orientated in n^gard to the 
lumen of the stricture and finds that the nu^tal stalT allows him to turn 
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the olive in different directions and to probe for the opening of the 
stricture successfully. 

The Spiral Staff for Carrying Olives. — The pui-pose of introducing 
the metal olive and its staff is that olives of increasing size may be 
passed on the metal shaft until the dilatation of the stricture is such that 
the passage of elastic bougies is possible. (Fig. 183.) Instead of forc- 
ing the perforated olive down the staff and through the stricture by a 
second staff carrying a ring placed at right angles to the shaft, better 




Fig. 181. 
Handle and staff of Plummer ^s esophageal whalebone bougie. 
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Vig. 182. 

Whalebone staff of Plummer ^s esophageal bougie fitted with two olives. 
The first olive is pierced to run on a thread. The olives are made in 
graduated sizes. 
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Fig. 183. 

A, Metal staff carrying a perforated olive at the tip (Mixter); B, 
Special wire carrier (Mosher), on which various sizes of olives are 
screwed; U, Graduated olives. 

results can be obtained by employing the spiral wire carrier. The flex- 
ible pusher buckles away from the line of the main staff*, and so at times 
refuses to push a snug olive through the stricture. The spiral wire car- 
rier, on the other hand, hugs the guiding staff closely and gives a direct 
push on the olive. When the olive is in position against the stricture if 
the operator puts his finger in the patient's pharynx and presses down- 
ward on the spiral staff, he can exert great pressure on the olive below. 
In fact, the author found tliat tliis molliod of forcing an olive through a 
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stricture was so powerful that care was necessary or the stretching of 
the stricture would be too rapid and followed by a reaction. A series 
of olives of increasing sizes conies with the spiral staff. An olive of 
any size can be extemporized. In the case of the boy (Case 3, page 237) 
an olive of the desired size not being at hand, an olive was wound on 
the staff by using coarse surgical silk. The silk was given a smooth 
coating by smearing it with modeling compound, such as dentists use 
for taking impressions of the teeth. The spiral staff permits two or 
more olives of increasing size to be put on at once. These may be placed 
at intervals after the fashion of Bunt's bougie. (Fig. 179.) 

The After-care of Stricture of the Esophagus. — When a stricture of 
the esophagus has been dilated sufficiently to permit the patient to 
swallow readily, bougies of maximum size must be passed at intervals 
of a week or two or monthly, for months or j^ears. Not infrequently 
adult patients learn to pass the bougie upon tliemselves. 




Fig. 184. 
Mosher's two-bladed dilator with sliding knife for cutting strictures of the esophagus. 

Spastic Stenosis of the Esophagus. 

Esopha^ospasm (Esophagismus) . — Eso])hagospasm is an excessive 
irritability of tlie esophagus. It prevents the introduction of the esopli- 
agoscope under local anesthesia. 17nder general anesthesia, however, 
the esophagoscope passes easily. On examination the esophagus is 
found to be normal, or if anv lesion is discovered it is almost alwavs 
a simple ulceration. Esophagospasm is the underlying condition in 
globus hystericus. It should be remembered tliat a diagnosis of glolnis 
liystericus is made less and less often since the use of tlie esophago- 
scope has become common. ( )n this account the diagnosis should always 
be looked upon with susj)ici()n. 

The treatment of esoj)luig()spasm is to pass tlie es()i)hagoscope 
under etlier anesthesia and to treat any ulceration present with some 
mild caustic. If the esoj)hageal wall ])r()ves to be normal tlie regular 
passing of elastic bougies in time establishes tolerance and does away 
with the sensitiveness of the esophagus. 
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Cardiospasm. — Cariliospasm is the name applied to a coiKlition of 
spasmodic closure of tlic cHoplia?:iis at the cardiac opeiiiiijr of the stom- 
ach. The name, however, is used in coniioction with spasmodic closure 
of the esopliajrus at any other point. Tins condition is one of the most 
important patholof?ic affections of the esophas'is. Its etiology is still 
obscure. Jackson holds tliat the cardia is not a true s])luncter in spite 
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of tlie circular libers nf llyrtl, but maintains that tlie hiatus is an actual 
sphincter an<l acts as one. In cardiospasm there are two chief features, 
spasm of tlte cardin and dilatation of the esoi)ha,i*us. In the majority of 
the eases there is atony nf the nniscular wall as well. The conditions 
wliieh are responsil)lo for tliesc ehiini,fes have been held by various 
writers to be a congenital defect, a primary neurosis, or an csophasitis. 
In some cases the atony is primary to the spasm and dilatation, in others 
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the spasm comes first. Lerclie maintains that an attempt should be 
made from the clinical histories to divide cases into the two classes just 
mentioned. Gottstein gives the following classification: (A) Cases in 
which excessive spastic muscular contractions take place. (B) Cases 
in which the contractility of the muscles is weakened or lost. (1) 
Cases are classed as idiopathic in which no organic lesion can be dem- 
onstrated, (2) as secondary or symptomatic when due to some anatom- 
ic alteration as ulcer or cancer. 

Under class A (excessive nmscular contraction) are grouped: 
esophagospasm and cardiospasm. The first involves the esophagus 
proper and the second only the cardia. Cardiospasm may be acute or 
chronic. 

Tjeichtenstem defines cardiospasm as a pathologic exaggeration of 
a physiologic phenomenon, due to abnormal innervation of the cardia. 
It produces an habitual, non-permanent, spastic closure of the cardia. 
This is greater than normal, lasts a long time, and occurs especially 
after meals. It is not known whether the condition is caused bv a fail- 
ure of the inhibitorv nerve fibers which control the normal tonus of 
the cardia or to some irritation which causes an increased tonus in the 
contraction fibers. 

Frequency of Cardiospasm. — Both sexes are affected equally. The 
majority of the cases occur between the ages of twenty and forty, but 
cases have been reported in which the patients were eight and four 
years old. Tlie latter case was one of acute cardiospasm. 

Anatomic Considerations. — According to Rumpel the capacity of 
the esopliagus varies between 40 cc. and 80 cc. but even 150 cc. nmy be 
considered within physiologic limits. The position of the cardia 
changes with age. In the infant it is found at the level of tlie eighth 
dorsal vertebra whereas in the aged it may be placed as low as the 
twelfth dorsal vertebra. In the neck the esophagus is closed, but in 
the chest it is open and contains air. Mikulicz found that the intraeso- 
phageal i)ressure during rest was a little below that of the atmosphere. 
By quiet inspiration the pressure is lowered to 9 cm. water pi'ossure 
and by forced inspiration to 20 cm. below. On quiet expiration the 
pressure rises to 10 cm. water pressure, and by forced expiration to 
20 cm. Coughing may raise the pressure to 60, 80, or even 160 mm. 
mercury. On swallowing the pressure varies between 0.80 and 22 cm. 
water. The normal esophagus o])ens easily without the aid of swal- 
lowing for the passage of fluids and gases from the esophagus into the 
stomach, but opens with difficulty for their passage in the reverse di- 
rection. The i)ressure necessary to open the cardia amounts to a frac- 
tion of the pressure of a column of water filling the thoracic portion 
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of the esophagus. When irritating fluids such as very hot or cold 
liquids or carbonized drinks are taken tlio pressure necessary to force 
them down is higher. 

If the resistance of the cardia is increased, a part of the fluid swal- 
lowed will remain in the esoph- 
agus. Suppose that in order to 
effect automatic opening of the 
cardia under normal conditions 
a pressure of 12 cm. water pres- 
sure is necessary. In this case 
the excess of fluid over 12 em. 
would flow into the stomach by 
its weight, leaving liehind a 12 
cm. column of fluid. The next act 
of swallowing which corresponds 
to about 12 cm. water pressure 
would carry this into the stom- 
ach. If the resistance of the car- 
dia corres])onds to 24 cm. water 
pressure, there will he left a col- 
umn of 12 cm. at the end of the 
act of swallowing. If the resist- 
ance of the cardia is still higher 
only so much fluid will pass the 
cardia as is pressed down by the 
muscles of the pharynx. The 
esophagus itself can overcome the 
resistance of the cardia only by 
energetic contraction. In a nor- 
mal esophagus the effect of this 
increased pressure on the esoph- 
agus is small but as soon as the 
esophagus becomes dilated the 
effect of the increased pressure 
which is necessary to force food 
through the unyielding cardia 
is to make the esophagus di- 
late more and more. Stagnating 
food leads to changes in the esophageal wall wliicli further weaken it. 

Mikulicz used the esophageal pressure during swallowing as an 
indication of the contractile power of the esophageal muscles. He 
therefore measures this pressure. Lcrehe has devised an apparatus 
for doing this. (Fig. 186.) 




(After 
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The Symptoms of Cardiospasm. — The two chief symptoms of car- 
diospasm are difficulty in getting food into the stomach, and frequent 
regurgitation. Often the patient has a troublesome cough at night, or 
is awakened by food running back into the pharynx and into the nose. 
If the condition has existed for some time the patient is much emaciated. 

Examination. — The history of the patient should exclude syphilis, 
and the swallowing of caustics or foreign bodies. In the general phys- 
ical examination of the pressure from an aneurism, a goitre, or a tumor 
in the mediastinum should be constantly borne in mind. The esopha- 
geal examination should be ruled out in the presence of ulcers, and of 
malignant or benign growths. It must be remembered that a large 
or a low seated diverticulum of the esophagus may be present. 

Much light is often thrown on a case by filling the esophagus with 
bismuth and then taking an X-ray i)late. 

The Examiuation Under Local Anesthesia. — A large sized elastic 
bougie is introduced into the esophagus and the distance of the obstruc- 
tion from the incisor teeth is found. In a case of cardiospasm the 
bougie will occasionally pass through the cardia easily or on gentle 
pressure, at other times much pressure is needed to force it through. 
The esophagus is washed out and the throat cocainized. Then the eso- 
phagoscope is passed and a careful examination is made of the esoph- 
agus. The condition of the mucosa and of the esophageal walls is 
noted. It should be ascertained whether the walls are firm or flaccid 
and whether the esophagus is normal in size or dilated. Ulcerations, 
diverticulum and new growths are excluded. When the tube reaches a 
proper depth the cardia is seen as a slit with the long diameter lying 
obliquely from the right posteriorly to the left anteriorly. This is not 
the cardia strictly speaking, but the hiatus of the esophagus, though 
many writers use this name for the constriction of the esophagus at 
the point where it goes through the diaphragm. The hiatus appears 
either as a slit or as a rosette. In spasm it is usually like a rosette. It 
has been compared to the mouth of the cervix uteri. (Fig. 168.) Tlie 
esophagoscope cannot be passed in cases of cardiospasm into the stom- 
ach without first cocainizing the hiatus. As soon as the hiatus gives 
way the tube is carried into the stomach and then withdrawn. On the 
withdrawiU the esoi)hagus is examined again in order to confirm the 
negative findings. 

In a complete examination the next stej) is to determine the 
capacity of the esophagus. An esophagometer is used for this purpose. 
Lerche has devised an instrument of this nature. It consists of a rub- 
ber bag which is inserted into the esophagus and then filled with air. 
A recording mechanism regist(»rs the amount of air necessary to make 
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the bag assume the same dilatation and shape as tlie esophagus. An 
X-ray i)icture nmy be taken with the bag in place. This will demon- 
strate the shape of the dilation more sharply than the bisnmth gruel. 

The Treatment of Cardiospasm. — The treatment of cardiospasm 
consists in stretching the hiatus of the esophagus. This can be ef- 
fected with a pliable dilator like a rubber bag, or with an instrument 
modeled on the principle of the urethral dilator. The rubber bags 
are generally used under local anesthesia. The apparatus used by 
Lerche is shown in Fig. 186. It consists of a stomach tube the end of 
which is covered w^itli a sausage-shaped silk bag 10-12 cm. long. The 
bag is distended by connecting the apparatus with a water faucet. 
A secondary mechanism regulates the amount and the pressure of 
the water and so the pressure exerted by the bag wiien it is in place. 

The use of bougies in pronounced cases of cardiospasm for dilating 
the hiatus does not give good results. 

Gumprecht has stated that the maximum dilatation to w^liich the 
normal cardia can be stretched is respectively 3 cm. and 3.5 cm. Scheiber 
found that the normal cardia from the stomach side could withstand 
a pressure of 350 grams for a few seconds. Strauss distended the 
rubber bag with air and had his apparatus so regulated that a pres- 
sure of not more than 250 cm. of mercury could be brought upon the 
ciirdia. Jacobs using a mechanical dilator fashioned on the plan of 
fhe urethral dilator stretched the cardia to a diameter of 3.5 cm. 
Mikulicz working from within the stomach stretched the cardia to 
a diameter of 7 cm. 

The Treatment of Cardiospasm Under Ether, — An examination 
under ether is much easier for the patient. The stretching of the 
cardia with the mechanical dilator is nmch simpler than the use of the 
rubber bags. There is one drawback, however, to the examination 
under ether. All spasm of the esophagus is done away with and the 
cardia itself mav so be relaxed that unless the examiner bears this fact 
in mind he may feel that he has not found the cause of tlie condition for 
which the examination is undertaken. After the ether examination in 
cases of cardiospasm and the dilatation of the cardia the author has 
been in the habit of leaving a thread in the esophagus and in the stom- 
ach and of passing the olive tipped staff on the thread for a few" days 
until it was possible to pass the staflf unguided. On the staff metal 
olives of increasing size are passed for a time and then the unguided 
elastic bougie. Finally the patient is taught to pass the bougie for him- 
self. This he does at intervals according to the persistence of the 
spasm. 

The relief of cardiospasm is easily brought about. The patient's 
symptoms lessen almost immediately. Measurements show that tUa. 
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esophagus soon contracts unless tliore lias bci-n extensive weakening 
of the esophageal walls. Cases of this kind, although they obtain 
marked relief from stretcliing of tlie cardia, naturally still have a 
certain anmunt of residual tr(ml)lo on account of the slowness with 

which food passes ihe weakened esojilia^'us. Cases of cardiospasm 




Fig. is:. 

nam. Krriiii u jiiLLii of uu X-ray ]iliilc, ^ll(nvill[; a liilaleil eso|ili- 
liopliagua siiirrons tu a point in tlic sliadaw of tho Oiaiihragiu. 
(Plate by Dr, P. H, Williams.) 
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are among the most dramatic of surgery. The following case is an 
example: A young woman had been regurgitating her food for fifteen 
years. She went from physician to physician. She was constantly 
eating but was always hungry, and consumed enough food for two or 
three people but continually wasted away. When she lay down, food 
regurgitated into her mouth or her nose. This and a constant cough 
kept her awake. In a short ether examination lasting about the same 
number of minutes as she had been ill years the cause of the trouble 
was discovered and practically cured. (Fig. 187.) 

Fhrenospasm. — Phrenospasm is the name applied by Jackson to 
spasmodic closure of the esophagus at the hiatus. This condition is 
frequently seen in passing the esophagoscope without anesthesia. Fre- 
quently the esophagoscope is hugged so tightly that the subphrenic 
portion of the esophagus cannot be entered. Under general anesthesia 
the spasmodic closure of the hiatus disappears. This characteristic 
disappearance of the spasm together with a normal mucosa establishes 
the diagnosis of phrenosjoasm. Almost invariably the esophagus is 
dilated above the hiatus. 

Jackson makes a clear distinction between spasm of the cardia 
and spasm of the hiatus. Many authors do not, but speak of spasm 
of the cardia when in reality they mean spasm of the hiatus. Then 
again the term spasm of the cardia is used to mean spasm either at 
the cardia or at the hiatus. Jackson's terminology leads to clearness. 

Benign New Growths of the Esophagus. 

Benign neoplasms of the esophagus occur but are not common. 
When it becomes the routine to examine all cases of slight trouble 
with swallow'ing in all probability more benign new growths will be 
discovered. Kdematous polyps and pedunculated lipomata are prob- 
ably the commonest of the benign growths. Fibromata also occur. 

These benign growths are found chiefly in the upper ])art of the 
esophagus. Their pedicles allow them to play up and down so that 
they appear at one examination and may disappear at the next or 
they are present when the examiner first looks into the throat with 
the mirror and they disappear when the patient swallows. Peduncu- 
lated lipomata have a fashion of dropping forward into the larynx 
and of causing cough and intermittent hoarseness. 

Treatment of Benign New Growths. — Benign new growths should 
be removed with appropriate gi'asping or cutting forceps. An effort 
should be made to obtain as much of the pedicle and its base as is 
possible. Sometimes the manipulations can be earned out through 
the tubular speculum, whereas at other times the esophagoscope is 
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iifcessary. Tlin atTOssiliility of (lio growth and the toleraiure of the 
patient settle tlio (|iicstion of tlie use of h>ea] or {toneral anesthesia. 
Witii the exception of lipomata all supposedly bciiiy;n growths are 
looked upon with a certain aiiioiiiit of suspicion. In any f^ivcn case 
time alone can settle whether or not this suspicion is well founded. 

Malignant New Growths of the Esophag^us. 

Any persistent difficulty of swallowing in a patient of the cancer 
aso ought to lead to a prompt examination of tlie esophagus. Only in 
this way can malignant disease he detected early and the eases which 
are tit for operation sorted out. Cancer of the esophagus often gives 




hut slight symptoms for a number of years. It is not unconnuon to 
have patients give a history of trouble with swallowing dating back 
three or four years. The horrors of cancer are nowhere greater 
than in canc'er of tiie esophagus. If for no other reason, therefore, 
those patients should be given the benefit of an early exaniimition and 
of an early diagnosis. 

Malignant disease may start in the epithelium of the csuiihagna, 
or in its muscular wall, or outside of it. In late cases no conclusion 
can be arrived at as to origin of the disease. 

Periesophageal disease, when not far advanced, appears through 
tile esophagoseope as a hard nodule ])ro.jecting into tlie huuen of the 
esojijiagns and over wliieli the niucnns membrane is normal. 
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Gottsteiii, (iiiotcd by Jackson, describes tlio appearance of cancer 
of the esophagus under five heads. 

1. The esoi)hageal wall shows thickened whitish patclies. Tliese 
white patches alternate with patches of bright red. 

2. There is a ring-like narrowing of the lumen of the esophagus. 
This is called the annular form. At some point in the ring there is 
usually ulceration. Frequently the esophagus is dilated above the 
constriction. 

3. Carcinomatous infiltration which is not onlv annular in form 
but funnel-shaped. 

4. Cauliflower masses surrounding the lumen of the esophagus 

5. Papillomatous vegetations. 

In the author's experiem^e the most connnon forms are the first, 
second and the fourth. Svphilis mav stimulate anv of the five fonns. 
The microscopic examination of a specimen combined with the thera- 
peutic and the Wassermann test will rule out syphilis. 

Cancer of the esophagus occurs oftenest at the upper or the lower 
end. It is not uncommon, however, to find it located about half way 
down the esophagus. 

Symptoms of Cancer of the Esophagus. — The chief sjmptom of 
cancer of the esophagus is difficulty in swallowing. This symptom may 
be slight for years. Associated with the difficulty in swallowing, if 
the growth is located in the upper part of the esophagus, there is 
pain radiating to the ear of the affected side. Often the cervical glands 
are enlarged. They become infected even if the cancer is situated at 
the cardiac end of the esophagus. Later in the disease when the inges- 
tion of food is impeded, emaciation sets in. 

Diagnosis of Cancer of the Esophagus. — The old method of making 
a diagnosis of cancer of the esophagus was to label the difficulty in 
swallowing by some such name as globus hystericus, or neurasthenia, 
and to temporize until obstruction became marked and emaciation 
noticeable. Then a bougie was passed, an obstruction was found and 
the bougie brought up blood. Today this is antiquated surgery, to 
call it by no harder name. The bougie has cost many a j^atient his 
life not only by delaying the diagnosis until too late but also by per- 
forating the weakened walls of the cancerous esophagus. 

Diagnosis and Treatment of Cancer of the Esophagus.— Cancer of 
the esophagus is best diagnosed by the eso])hagoscoi)e or by the open 
or tubular speculum. Palliative treatment is also best carried out 
through tliese instruments. The removal of a si)ecimen for microscopic 
examination may seem a trivial affair in such an ugly disease, but 
the surgical satisfaction which comes from it is not to be despised. 
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If the cancer is well advanced and happens to be in the upper part of 
the esophagus the tubular speculum gives a splendid view and enables 
the surgeon to remove a generous specimen quickly and easily. Good 
biting forceps art' nt^ct'tisary for tliis procedure, and can^ must be 




iin of tlic <'Sl>|>1laKll^ 



taken to pierce well into tlie tumor. (Fijj;. 18'.>.) If tlic mucous mem- 
brane over the .suspected an-a is ini])r(>ki-n it may be (|ucstiont'd whether 
or not it i.< justifiabif to cut into it. Tiiless thi.s is done, however, the 
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case must be left in doubt. If the examination is carried out under 
ether and the Ki'owth is situated at or near the mouth of the esophagus, 
the open specniuin, given a favorable neck, affords a good view and 
enables the operator not only to remove a specimen hut to clear away 
a great part of the fungating growtli. In cancer below the mouth of 
tlio esophaguK. if it is of the cauliflower type, careful curetting will 




>. <S™ Kig. 189.) 



remove the obstructing masses and restore the patient's ability to 
swallow soft food. The author believes from his results that this pro- 
cedure is justifiable. The curetting may be repeated two or three times. 
(Figs. 190 and 191.) The examination of a case of caneer of the 
esophagus is not ideally complete unless the lumen of the cancerous 
stricture is ascertained and the presence of a secondary growth lower 
down is determined. (Bigs. 192 and 19.3.) In order to accomplish this 
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Fig. 191. 
mtous area (High powerV (Sec Fig. 190.) 




CarL'inoiiiiitmiH stricture ot the cxoiilinei 
(Plato by Dr. W. J. DoJd.) 
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a smaller tube should be passed tlirough the larger esophagoscope and 
carried down through tbe rest of the esophagus. It is not always pos- 
sible to <lo this, iievertlielcss the attempt should be made. 




F Ihc omiiiliiiKiiM. Itetuui'lu'il trnriiic fruiii X-ray plati-. 
(Lalpral view.) The esophagus is filled with bisiiiuth gruel. At the point 
whom the t^fiiuth ix the esophiijjuH ends in an irrei^ilur cone, tti'lnshcs 
of bismuth which have passed through the stricture are seen below. 
(Author's .'Hse.) 



Wlieu the walls of the esophagus are surrounded with fungating 
masses of cancerous growth it is hard to tell where tlie lumen of the 
esophagus is placed. In such a case if the esophagus is ballooned 
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with air the displacement of the cancerous masses reveals the site 
of the esophageal oi)ening. If no opening is found but the air enters 
the stomach, pressure on the abdomen will force the air back and as 
it bubbles upwards through the structure the lumen can be located. 
In extensive disease of the esophagus the esophageal lumen can be 
saved for a time by intubing the carcinomatous stricture with a small 
elastic webbing funnel after the method of Mixter. 

It is justifiable to dilate a cancerous stricture with bougies or 
with the mechanical dilator only by using these instruments through 
the esophagoscope and under visual guidance. Even with these safe- 
guards the procedure must be employed with extreme care. 

What every physician hopes to find in a case of cancer is that the 
new growth is located at the upper part of the esophagus, tluit it is 
not extensive and that it is of a low grade of malignancy. Such cases 
offer a chance of cure if the larynx is removed and the diseased por- 
tion of the esophagus resected. Patients who might have been saved 
by this method have gone to their graves without any attempt having 
been made to relieve them. Such cases exist todav, but thev will never 
be found except by the routine use of the esophagoscope. When hope- 
less cases are encountered, and tliey are still in the great majority, an 
early opening of the stomach will save the patient from starving to 
death. The author cannot understand the reluctance of some surgeons 
to giving the patient the benefit of this operation. 

Compression Stenosis of the Esophagus. 

Structures which border on the esophagus may push upon it and 
cause compression. The conditions whi(*h are conmionly found to 
do this are glandular enlargements, ceiTical or mediastinal tumors, 
aneurism, plural effusions and spinal defonnities. 

The esophageal examination in these cases shows only a nar- 
rowed lumen. The general physical examination supplemented by an 
X-ray plate are the most eflicient means of arriving at a correct diag- 
nosis of the cause of the compression. In an aneurism the pulsations 
may be seen through the fluoroscope. 

DISEASES OF THE ESOPHAGUS WHICH DO NOT CAUSE 

STENOSIS. 

Inflammation and Ulceration of the Esophagus. 

In acute inflannnaticm of the esophagus the usual signs shown by 
an inthmied mucous meml)rane are present. According as the inflamma- 
tion is general or local there is a small or an extensive area of redden- 
ing. Later the mucosa becomes edematous. The vessels of the mucosa 
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are not as a rule visible. Acute inflammation of the esophagus, if 
severe, is a contraindication to the passage of the esophagoscope. 
When, however, it is caused by the presence of a foreign body the in- 
flammation should be disregarded and the foreign body removed at 
once. In acute inflammation where no cause is found, an underlying 
carcinoma should be suspected. 

Chronic Inflammation of the Esophagus (Chronic Esophagitis.) — 
Chronic inflammation of the esophagus may follow acute inflammation 
but as a rule it is the result of the long continued irritation of pus 
or food. These are held in the esophagus by spastic or anatomic 
strictures, or by diverticula. Uncomplicated chronic catarrhal inflam- 
mation of the esophagus is seen most often in alcoholics. Here it is 
due chiefly to the irritation of the local irritant. The esophagus is 
usually a dirty gray or a pale red, at times mottled and with the vessels 
showing. Tenacious mucus covers it. 

Ulceration of the Esophagus. — Ulceration of the esophagus occurs 
in two forms, ulcers located above the hiatus and ulcers below it. 




Fig. 194. 

Forceps with punch tip for direct work upon the larynx or 
esophagus. This forceps is made in various lengths so that 
the punch can be adjusted for any length of esophagoscope or 
bronchoscope. (Pfau.) 



Ulcerations above the hiatus may be due to any of the causes which 
produce acute inflammation of the esophagus, i. e., to infection or 
trauma. The ulcers occurring in typhoid fever are caused by throm- 
bosis of the vessels. Deep painless ulcerations occur in syphilis. The 
same is true of the ulcerations which occur in tuberculosis. The greater 
part of the esophagus may be involved in tuberculosis without the 
lesion being suspected. Tuberculosis of the esophagus usually is sec- 
ondary to tuberculosis of the lungs and is due to swallowing sputum. A 
tuberculous bronchial gland may ulcerate into the esophagus, though 
this happens but rarely. 

Ulcerations of the esophagus below the hiatus bear a strong re- 
semblance to peptic ulcerations of the stomach. They are often as- 
signed to functional insufficiency of the cardia. Jackson believes that 
the closure of the upper end of the stomach is due to a kinking of the 
esophagus at the hiatus and that the kinking is caused by the pressure 
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of the contents of the stomach at the fundus and by the structures 
about the hiatus. The contents of the stomach, however, frequently 
invade the lower part of the esophagus. Ulcerations of the esophagus 
at this point have a resemblance to ulcerations of the duodenum and 
may have the same pathology. Codman has made the observ^ation that 
duodenal ulcerations are often associated with fissures of the cardia. 
He made the further obsen^ation at autopsies that fissures of the 
cardia were not uncommon. The analogy is at once suggested between 
fissure of the cardia and fissure of the anus. 

Where an ulceration cannot be explained the presence of a buried 
foreign body should be considered. 

The treatment of ulceration of the esophagus consists first and 
chiefly in the removal of the cause. After this is accomplished the 
topical application of nitrate of silver, argyrol, or tannin is useful. 
The same procedure is advocated for the peptic ulcer. The ulcer is 
cleaned and then dusted with bismuth powder or touched with nitrate 



Fig. 195. 

MoBhcr^s curette for use in examination by the direct method 
of the upper end of the esophagus and the larynx. A similar 
but much longer curette is made for use with the esophagoscope. In 
dealing with, malignant diseases these instruments are indispensable. 




of silver. There is no danger of perforation or of hemorrhage if tlie 
manipulations are carried out gently, and always under clear vision. 

Neuroses of the Esophagus. 

Sensory Neuroses of the Esopha.gus. — Tlie diagnosis of a sensory 
neurosis of the esophagus should be made with great care. Since the 
advent of the esopliagoscope the number of tioie cases of sensoiy 
neuroses of the esophagus has been markedly diminished. A routine 
examination of such cases will reveal a large number of instances in 
which the symptoms have a real anatomic or pathologic basis. The 
old diagnosis of glol)us hystericus should never pass uncjuestioned. 
A trifling anatomic peculiarity like a i)artial l)and at the mouth of the 
esophagus, can readily cause these cases. The writer feels that further 
study of the ui)i)er end of the esoi)hagus will show that such bands 
are frecpient. Small ulcerations from trauma could cause such partial 
bands or adhesions. Whether caused by trauma or by some slight 
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irregularity of developments the passage of a good sized bougie under 
the old method of treatment would break the band and clear up the 
symptoms, but not the diagnosis. In order to make the diagnosis as 
certain as modern knowledge can make it the esophagoscope must 
be passed before the bougie. 

True sensory neuroses include hyperesthesia of the esophagus, 
anesthesia, and paresthesia. The patient groups his symptoms under 
the liead of a feeling of contraction of the upper part of the throat and 
diflBculty in swallowing, or as a sensation of itching, pricking or gen- 
eral uneasiness. Except in cases of true hysteria sensory neurosis of 
the esophagus is very rare. 

The appropriate treatment is along general medical lines. 

Paralysis and Paresis of the Esophagus. — In cases where the in- 
nerv^ation of the esophagus is interfered with, all solid food is swal- 
lowed with diflBculty. Fluids are usually swallowed easily. At times, 
even fluids may go down with diflBculty and only in small quantities. 
After eating there is pain back of the sternum and regurgitation of 
mucus or food. 

Contrary to expectation the esophagoscope, even without ether, 
readily enters the esophagus and passes easily into the stomach. The 
ease with which it passes establishes the diagnosis, because in spastic 
stenosis spasm occurs if no anesthetic is used, and if there is an anatom- 
ical stricture this persists even under ether. The paralysis may be 
demonstrated by Stark's pill experiment. With the aid of the esopha- 
goscope and forceps a pill or capsule is placed in the esophagus 27 cm. 
from the incisor teeth. If the peristalsis is normal the pill will be car- 
ried into the stomach ; if the pill remains where it is placed a paralysis 
or an abnormal feebleness of the esophageal wall exists. 

The chief causes of paralytic conditions of the esophagus are cen- 
tral nerve lesions, the most common being bulbar paralysis, and the 
neuritis which follows alcohol, diphtheria, and lead poisoning. 

When a paralytic condition of the esophagus is suspected a neuro- 
logic examination is called for, and if such a condition is proved the 
treatment, of course, is along general lines. 

Congenital Anomalies of the Esophagus. 

Congenital anomalies of the esophagus occur occasionally. The 
esophagus may be bifid or double or it may end in a blind pouch. 
Children having these deformities seldom live for any length of time. 
Rarely, a fistula joins the trachea and the esophagus. Cases of this 
kind have been reported and the patients have survived. This was 
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possible for the reason that a valve-like fold of mucous membrane 
prevented food from getting into the trachea. 

Congenital Stricture of the Esophagus. — A little girl about a year 
old was referred to the author with the history that she had swallowed 
a ** pacifier," and had had almost complete obstruction to swallowing 
since the accident. The baby was very poorly nourished and it was 
found on questioning the parents that from birth she had continually 
thrown up her food. It was supposed naturally that the milk was not 
of the proper kind. Both the milk and the physician were repeatedly 
changed. The baby just managed to survive up to the time when it 
made a meal of the ** pacifier." It speedily vomited the rubber nipple 
which was on the end of the ** pacifier." Notwithstanding this it could 
not retain any milk. A local specialist passed an esophagoscope and 
through this introduced a bougie, but could not make it enter the 
stomach. At this point in the case the author saw the child. The 
X-ray showed a small round body apparently in the esophagus and at 
the level of the bifurcation of the trachea. This was supposed to be 
a bit of bone from the ** pacifier." On examination under ether this 
bit of bone was neither seen nor felt, but instead a stricture w^as found. 
This was at the level of the bifurcation of the trachea and readily ad- 
mitted a No. 16 F. bougie and was easily dilated up to No. 20 F. Sub- 
sequent dilatations carried the lumen of the stricture to 26 F. After 
a few days the baby began to retain milk. A second plate showed that 
the bit of bone which gave the round shadow in the first plate had 
disappeared after the examination. The stools were searched, but it 
was never found. 

The following seems to be a reasonable exi)lanation of this case. 
The child had a congenital stricture and she forced its discovery by 
swallowing the rubber nipple from the ** pacifier" and perhaps a bit 
of bone from the handle. The first examination pushed the piece of 
bone through the stricture and the second pushed it into the stomach. 
The second examination determined the presence of the stricture and 
led to its dilatation. 

Diverticulum. — A diverticuhmi is a pouch-like oflf-shoot from the 
esophagus. The so-called traction diverticulum is the easiest of ex- 
planation. It is caused by the contraction of scar tissue, arising from 
a suppurating gland in process of healing. This new tissue exerts a 
pull ui)on a circumscribed part of the esophageal wall and makes a 
pouch. In certain animals i)()uches and dilatations of the esophagus 
are normal; for instance, the crop and the dilatation of the lower por- 
tion of the esophagus in birds. Something of this tendency to variation 
in form may be retained in man. In one of the author's cases the 
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mouth of the esophagus was veiy wide as if the pharynx extended 
below the cricoid cartilage and had there attempted to make a double 
esophagus, the unsuccessful attempt being the pouch. 

Diverticula are encountered most often in the upper part of the 
esophagus near the cricoid cartilage. In every esophageal examination 
the possibility of finding a pouch must be borne in mind and its exist- 
ence ruled out. 

Symptoms. — The sjnnptoms of a small pouch are not marked 
enougli to make the examiner do more than suspect its presence. The 
chief symptoms are slight difficulty in swallowing and soon after eat- 
ing the regurgitation of a small amount of undigested or putrid food. 
Where a pouch has existed a long time and has dissected its way 
downward between the muscles of the neck and perhaps into the chest 
the symptoms, although of the same general character, are much more 
marked. It is impossible from tlie symptoms to differentiate such a 
case from one of phrenosj^asm and dilatation of the esophagus. 

Diagnosis. — If the presence of a pouch is suspected the physician 
may give the patient bismuth and then take an X-ray; or he may 
give the patient bird shot to swallow and then take the plate; or he 
may pass a bougie. The bougie on its first introduction meets with 
an obstruction liigh up in the esophagus and then if it is withdrawn 
and .reintroduced it enters the lumen of the esophagus and continues 
on into the stomach. No one of these three methods is as satisfactorv 
as the diagnosis of a diverticulum by sight. An X-ray plate of an 
esophagus filled with bismuth often gives the impression of a pouch 
where none exists. This is due to spasm of the esophageal wall. 
Briinings has a beaked tubular speculum the lower half of which 
has a slit in the side. In using this the attempt is made to engage the 
beak of the speculum in the opening of the esophagus and after this 
has been located, to find the opening of the pouch by examining the 
esophageal wall through the slit in the side of the instrument. 

In the search for diverticula the ballooning attachment for the oval 
esophagoscope is of the greatest service. There is usually no trouble 
in finding the pouch, as the esophagoscope goes into it most readily. 
Once in the pouch, the examiner sees no esophageal lumen ahead. 
Instead there is an unbroken wall. On attempting to readjust the 
long axis of the tube to conform to the long axis of the esoi)hagus 
still no lumen appears. If now the window plug is inserted and the 
pouch distended with air the fact that the end of the esophagoscope 
is in a closed cavity becomes clear. Not only this, but the size of the 
pouch can be nuide out and the condition of its walls. The bottom of the 
pouch is found in many cases to be thickened and inflamed from the 
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retention and maceration of food. When the pouch has been outlined 
in this way if the esophagoscope is slowly withdrawn, and all the while 
air is forced into the pouch, at the moment when the end of the esoph- 
agoscope leaves the mouth of tlie pouch and is opposite the opening 
of the esophagus two openings will be seen through the tube. The 
new opening will prove on examination to be the lost opening of the 
esophagus. This is by far the best method of determining the presenco 
of a diverticulum. 

Treatment of Esophageal Diverticula. — If the pouch is large 
enough and not too large, that is, if it does not extend into the chest, 
it may be dissected out. This is the treatment advocated at the Mayo 
Hospital. Small and medium sized pouches may be cured symptomati- 
cally by dilating the esophagus at the point where the pouch leaves 
it. This is done by first finding the pouch and cleaning it of food 
and then stretching the esophagus with the mechanical dilator. After 
this a thread is passed through the esophagus into the stomach and 
allowed to engage in the upper part of the intestinal tract. As soon 
after the ether examination as the thread has become well anchored, 
the metal staff of Mixter witli its perforated olive is carried down 
on the thread and olives of increasing size are forced down on the 
staff. After a week or two the metal staff will find the esopliageal 
opening unguided by the thread and the thread may be allowed to 
pass on. The physician soon finds tliat he can pass elastic bougies 
also of increasing size, through the esophagus. Lastly the patient is 
taught to pass a bougie of reasonable size for himself. This has to be 
continued for an indefinite time. Mixter, who has had much experience 
both with excision of the pouch and with the symptomatic cure by 
dilatation, favors for the general run of cases the treatment by dilata- 
tion. 

Some day it may seem feasible to cut the common wall between a 
small pouch and the esoi)hagus. When this procedure is attempted 
it will be carried out if it is to be jjerformed in a surgical fashion, 
through the esophagoscope. The writer tried this in a rather liesitat- 
ing manner on one case, and is waiting for an appropriate case to try it 
again. The results were mediocre, i. e., no better than dilatation. 

Dilatation of the Esophagus. 

In dilatation of the esophagus the whole structure becomes en- 
larged and acts as a sac instead of a tube. The most common form 
is a spindle-shaped esophagus. From certain obsen^ations the au- 
thor is of the opinion that a dilatation of moderate degree of the 



LARYNGOSCOPY, BUONCHOSCOPY, ESOPHAGOSCOPY, ETC. 261 

lower third of the esophagus is common, if not normal. It is certainly 
not unusual in dissecting room bodies. 

The lower part of the esophagus is the part most often enlarged. 
The dilatation is due either to an anatomic stricture or to a spastic 
closure at some point. The forms of stricture have been discussed. 
Spastic closure, as has been said, is due as a rule to spasm of the 
hiatus of the esophagus or to spasm of the cardia. Dilatation of the 
esophagus is spoken of at this point under a separate heading, and 
after diverticula of the esophagus have been discussed, because the 
two conditions have to be differentiated. 

The diagnosis is made by examining the lumen of the esophagus 
through the esophagoscope. In the normal esophagus the wells hug 
the examining tube and are seen to be continuous with the end of the 
tube for some distance ahead. If the esophagus is dilated the end of 
the esophagoscope finds itself in a large, dark cavern, the walls of 
which become clear only as the tube is moved strongly from side to 
side. The opening of the esophagus below the dilatation may not be 
in the center of the dilated portion, but eccentric. Not only this, 
but the dilated portion may sag below the level of the esophageal 
opening and make a deep moat about it. Most often the sagging of 
the dilated part of the esophagus below the opening of the esophagus 
occurs to the right of the esophageal opening. It is into this sagging 
part of the esophagus that the point of the examining bougie invariably 
finds its way, and it is at this point that perforation of the esophagus 
from rough manipulation with bougies occurs most frequently. When 
this pouch-like collar occurs at the lower end of the esophagus the use 
of a metal staff with an olive on the end enables the examiner to 
swing the point of the olive to the left and to fish successfully for the 
opening of the esophagus. Ballooning the esophagus smooths the folds 
and makes the lumen stand out clearlv. 

The treatment of dilatation of the esophagus is to treat the con- 
dition which causes it. This has already been given. 

Foreign Bodies in the Esophagus. 

Jackson begins his chapter on foreign bodies in the esophagus 
with the following sentences: ** Considering the brilliant achievements 
of esophagoscopy in the removal of foreign bodies from the esophagus, 
it is time to pronounce the prevalent use of the sound, the vertebrated 
forceps, the coin catcher, the bristle and sponge probangs obsolete, 
dangerous, unsurgical and utterly unjustifiable. There are numerous 
cases on record of fatal results from their use, and there are many 
times as many cases that have never been reported.'' This language 
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is none too strong, especially when applied to the nse of these instru- 
ments in cases of rough or sharp foreign bodies. 

Foreign bodies lodged in the esophagus fall naturally into two 
groups, smooth foreign bodies and rough or pointed ones. In the first 
class are penny whistles, buttons and coins. Prominent in the second 
are pins, needles and safety pins, fish bones, chicken bones, meat 
bones and, lastly, partial or complete tooth plates. Coins often lodge 
for a while and then go down, although there are many cases in which 
coins have failed to pass into the stomach but have remained in one 
position and ulcerated into the aorta or trachea. Pointed and sharp 
objects as a rule lodge and finally perforate and generally prove fatal. 

Ordinarily patients come to the physician with the history that 
they have swallowed a foreign body. This is not always the case, 
however, because it sometimes happens that they come simply for 
difliculty in swallowing. In infants regurgitation of food may be the 
only symptom. Older children may swallow liquids but not solid food 
and there is a persistent cough. Patients often think that a sharp 
foreign body is still in the esophagus when in reality it has passed 
downward. The scratch or abrasion caused by it, and this is especially 
true of fish bones, for some days makes the patient feel that something 
is wrong and he interprets his abnormal sensations as the continued 
presence of the foreign body. Without an esophageal examination it 
is very hard to disabuse the patient of this idea. Patients seldom 
localize the position of the foreign body accurately. 

Places Where the Foreign Bodies Lodge. — Foreign bodies in the 
esophagus lodge most often back of the cricoid cartilage. If they arc 
dislodged from here they stop again at the level of the inner end of the 
clavicles. Anatomic narrowing is said to be responsible for this. Once 
beyond the clavicles smooth foreign bodies almost always find their 
way into tlu* stomach and any smooth foreign l)ody which gains the 
stomach as a rule can j^ass the pylorus. It is astonishing how large an 
object can do this. The author has known a flat, mother-of-pearl 
button one inch in diameter to pass from the stomach of a one-year-old 
child into the intestinal tract and to be recovered in the stools in 
twentv-four hours. 

• 

Procedure to be Followed in Cases of Foreign Bodies. — Tlie his- 
tory of the case is taken and the i)arents or the friends of the patient 
arc* iiistructiHl to bring a dui)licat(» of th(» foreign body if it happens 
to be a nail, a jnii, or a l)utton. The physician can probably furnish 
a duplicate if the foreign body is a coin. Unless the case happens to 
1)0 desi)erate from pressure ui)on the trachea an X-ray plate is taken. 
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This determines the position of the foreign body and in case its nature 
is not known often discloses it. Next, appropriate instruments for the 
extraction of the foreign body are selected or obtained. Success in the 
removal of foreign bodies lodged either in the trachea or in the esoph- 
agus depends upon two things, the mechanical sense and dexterity 
of the operator, and suitable instniments. In the matter of instru- 
ments it is vitally important to select grasping forceps with blades 
adapted to seizing the particular foreign body in hand. (Fig. 196.) 
On the duplicate foreign body the forceps chosen can be tested. If the 
duplicate foreign body is placed in a piece of rubber tubing the manipu- 
lations necessary for its extraction can be practiced. Such practice 
leads to sureness and confidence and these in turn lead to success. 

Before using the tubular speculum or the esophagoscope a system- 
atic examination is made with head-light and mirror of the patient's 
mouth and pharynx. The crypts of the tonsils, the supratonsillar fossa 




Fig. 19C. 
.Jackson's foreign body forceps. 



and the valleculae at the base of the tongue and the pyriform sinuses 
are examined in turn. Impacted concretions in the supratonsillar fossa 
often give the sensation of a foreign body. If a good view cannot be 
obtained after cocainization and if the foreign body happens to be 
small like a fish bone or a pin, the base of the tongue and the pyriform 
sinuses are explored with the tip of the finger. Should the foreign body 
happen to be a coin this manipulation is not employed for fear that 
the gagging caused by it might dislodge the coin from the grasp of 
the mouth of the esophagus and start it downward. For the same 
reason sounds and bougies are not passed. 

Choice of the Anesthetic. — After the examination of the mouth 
and pharynx has proved negative the operator decides whether the 
examination with the tubular speculum is to be carried out under 
local or general anesthesia. Many successful extractions of foreign 
bodies, notably in the German clinics, have been performed under 
local anesthesia. Even partial tooth plates have been so removed. 
Some allowance must be made for the temperament ^^ IW >^^v£^ 
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and also for the tcmiieraiiieiit of tiits uporator, Tlic author has re- 
peatedly expressed liis individual preference for general anesthesia. 
If the operator prefers the sittiufr position and cocain anesthesia, well 
and good, i)rovided that tlie results are good; if, on the otiier hand, 
he slioidd ])rcfer general anesthesia and the prone position of the 
patient he shoukl not he ruled out of court. 

Coins and Buttons in the Esopha^fus. — Coins and buttons and for- 




>-ig. 137. 
1'irl);ci| in Die ii[>|i('r [inri of tlio eiiO]ihat;us of It child, 
s htII above llic level of tlie clnvidi's, that is, it is just 
oiilh (if till' raopliiijiiis biicI i)|i[ni»iti" Ihe i-rieoid r,irtilji|;p. 
iijt reloiichcil !iml U'<!u<-cil, i>riiHin(; niinie by llip author. 
runt cliiiif of the .\[n!(siii-hi] setts tieiiprnl I!osi>ital.) 



eign bodies of similar form usually lodge behind the cricoid cartilage. 
The.-ic cases usually occur in children. The first thing which the physi- 
cian should renieniher when he encounters such a patient is to keep 
his linger out of the child's month. (Fig. 197.) If tlie X-ray plate shows 
that file coin is sticking bt-liind the cricoid cartilage and the patient is 
an infant or a yonug child, it is wrapped in a blanket, placed on its 
imok on the eAamining table and the head is brought over the end of 
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the table and held by an assistant. If the child is too large to be con- 
trolled, ether is given. The operator has a choice of instruments for 
bringing the coin into view, the closed tubular speculum of Jackson 
or Briinings and the adjustable speculum of the author. If the adjust- 
able speculum is selected the point of the si^eculum is passed under 
its own illumination or under the illumination of the head mirror — 
and no illumination equals that of the head mirror for short distances 
— until the point of the speculum is engaged behind the ring of the 
cricoid cartilage. When the cricoid cartilage is held forward it is 
possible to see down the lumen of the esophagus almost to the level of 
the clavicles. Coins and buttons lie flat against the vertebral column, 
so that the operator sees only the upper edge of the rim of the coin. 
This appears as a dark, transverse line. Tlie edge of the coin being in 
view it is a simple procedure to pass a pair of angular forcei)s and 
remove it. The tubular speculum can be empU)yod in the same way. It 
does not, however, give such a wide field for oi)erating as the adjust- 
able speculum. If the coin is below the reach of the speculum an 
esophagoscope of ai)propriate size is introduced into the esophagus 
and carried down carefullv until the foreign bodv comes into view. 
As large a tube should be used as possible, ])ecause it is Inimiliating 
yet*true, that a small bronchos(»ope may i)ass a coin without the exam- 
iner seeing it, or detecting it by striking it with the end of the tube. 
A manipulation which will occasionally bring the coin to view is to 
elevate the handle of the tube strongly and to press the point against 
the vertebral column. This saved the author on one occasion from the 
embarrassment of defeat in the case of the child of a physician. When 
a button or a coin is lodged in the thoracic i)()rtion of the esopliagus 
as the examining tube ai)i)roaches it the lumen of the esophagus changes 
from the customary rosette to a transverse slit. In tliis dark trans- 
verse slit the foreign body is lodged and is holding the esophageal 
walls apart. The first grasp of the forcei)s upon the coin sliould be 
a sure one, because if the coin is nib])le(l and not firmly seized, the 
operator may have the mortilication of seeing it disappear down the 
esophagus. If he catches sight of it again lie is fortunate; generally 
it has gone into the stxmiach. If before or during the examination 
the patient vomits, examine the vomitus. The foreign body may be 
found in this. (Fig. 198.) 

The Bristle Probang. — The use of the bristle i)ro])ang is allowable 
onlv in case a ])olus of meat or a smooth foreign bodv like a coin or 
a button is lodged behind the cricoid cartilage. Its use in such cases 
is often successful and is without danger. A more surgical procedure, 
however, is to use the speculum. When rough foreign bodies like fish 
or chicken bones or pins are to be dealt with the use of the bristle 
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probanfj is contra indieatod. In the rare eases in wliieii the use of the 
tubular speeulum or tlie osophaj;os(;oiJo fails to disclose the foreign 
body the bristle probanji; eonies aj^ain to its own. If a coin or a button 
cannot be foumi and extracted it is a jjootl practice, at least from the 
staiiilpoiut (»f llic i)atient, to pnsli it down. <)peninj< tlio side of the 
neck for tlie removal of a smooth foreign lioily of this nature is obsolete 
snrgory. 

Pins in the Esophagus.— AVlieu a pin is lodged iu the esopliagus, 
especially when its point is turned downward, it does not as a rule 




anguliir forccjis. Siicli en 
open apeculuni. ( Aiitlmr ' 
:Ma!i.'<achiis('tts Cljiirllabk' I 



n.l Kiir Iiifirniiii 



III) <H' tlie (Tiii|iliagu» ami bchimt 
hvv for foroiKii builics to halt. 
ho iiullinr'M o]u>ii nppiriiluiii and 

iigM Willi (lie (iilniliir or tlio 
tu'ljcd anil reduced. 



give much trouble in tlie extraction. Wlien, <»n the other hand, the 
point of the pin is uppermost and omliedded, its removal may be very 
dilTicult. Casselberry's pin cutter which divides tlie pin and holds the 
fra^nnents is practically in<lisi)en.*al)le for the proper management of 
sueli eases. 
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Safety Pins in the Esophagus. — (Fig. 199.) An open safety pin, 
point up, is one of the hardest of foreifjn bodies to remove from tlie 
esophagus. The aim of the operator is to close the pin. This accom- 
plislied, the extraction is easy. CooHdge, some eight years ago, was 
the first to remove a safety pin from the esophagus. He used a safety 
pin eloser devised by the author. Since the time of this case other 
methods have been devised for successfully closing a safety pin. Within 
the last year Jackson has introduced a daring and simple method of 
closing and extracting a safety pin. (Figs. 200 and 201.) Through the 
esophagoscope with forceps tipped with two slender interlocking blades 
he grasps the ring of the pin. When the blades of the forceps are 




Safety piu in tlie esophiigiis. Cliild two veiira olil. Aiitlior's case. 
Exiroction by means of the csoplJOKoscojin failed aii.l tlie pin was pushed 
into the stomach and reinoved by ineision. The cliil.l died of pneumonin. 
(Plate by Dr. W. J. Dodd.) 

locked in the ring, the pin is carried into the stomach and allowed to 
turn. Then the forceps are withdrawn with the pin headed the other 
way. As the pin comes into the tube it closes. The author lias devised 
a safety pin tube the aim of which is to close the pin and to extract it 
without first pushing it into the stomach, 

A few years ago the author originated an instniment (Fig. 202) 
for closing an open safety pin, point up. The device consisted of a 
double bronchoscope, one tube being placed within the other. The outer 
tube had a slit in the side which engaged the pointed shaft of the 
pin. lactation of the inner tube closed the pin. The device has been 
simplified by discarding the inner tube. The present instrument is 
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made as follows: It is the usual self-lighted bronchoscope. There are 
two sizes, the smaller one for the trachea and the larger one for the 
esophagus. The end of the tnbe is bevelled on the side. From the apes 
of the V a slit runs upward about two inches. At the summit and at 
the side of this there is a second smaller and connecting slit. A pointed 
tongue separates the two slits. 

Suppose for the sake of illustration that the point of the pin is uj), 
and imbedded in the right esophageal wall. The tube is used in the 





Fig. 201. 

Schema slmwiiiit JikckRon's method of rpmiiviiig iin o|>('ii nafety 
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following manner : It is carried into the esophagus until the hood of 
the pin can be seen. This is grasped with forceps and steadied while 
the slit is turned so that it engages the pointed shaft of the pin. Then 
the tube is pushed onward until the top of the slit brings up against 
the crotch of the safety pin. This stage of the manipulations reached 
the tube is carried a little further down in order to free the point of the 
pin from the esophageal wall. This accomplished the hood of the pin 
is again held motionless by the forceps while the barrel of the tube is 
rotated to the right. By this manipulation the shaft which bears the 
point of the pin is made to lie in line with the accessory slit. The 
pin is now pushed straight down the tube. As it descends the accessory 
slit, which of course is closed below, acts as a ring and shuts the pin. 





Fig. 202. 

Mosher's safety pin removing tube. 1, end of safety pin closing tube. 
2, hood of pin grasped through tube. 3, tube carried down until main slit 
brings up against the crotch of pin. 4, barrel of tube rotated to the right 
in order to bring pin in line with secondary slot. 5, pin pushed down and 
closed. 



The tube and the pin are withdrawn together. A moment's practice 
outside of the body will show that these manipulations which seem 
complicated when described are in reality very simple. 

Hubbard has devised a useful loop guide for the wire snare, and 
employed it successfully for the closing and removal of a safety pin. 

Tooth Plates in the Esophagus. — Tooth plates, especially partial 
plates w4th prongs, have the unpleasant distinction of being the hardest 
foreign bodies wliich the physician is called upon to remove from the 
esophagus. Many successful extractions of tooth plates, however ^Ivec--^ 
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been recorded. (Fig. 204.) It is an axiom in dealing with these difficult 
cases that unless the extraction is fairly easy and is soon accomplished 
the foreign body should be removed by an incision through the side 
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Pig. 203. 
Mother's safety pin forcc]n. 

of the neck. It should Ik- reineiii- 
bered, however, that the mortal- 
ity of this procedure is 32-1^0 per 
cent or ten times the mortality iii" 
esophagoscopy. Rough manipu- 
lation is not permissible. Tlie 
chief difficulty presented by these 
cases is the locking of the prongs 
of the plate in the tissues. Some- 
times the plate can be turned by 
careful manipulation so tliat il.'^ 
short diameter may lie in the 
direction of the esophageal axis. 
Killian accomplished the as- 
tounding feat of cutting a plate 
in two by galvanocantery. Rather 



than attempt to turn the plate it 
is better surgery, unless the turn- 
ing should prove to be easy, to 
cut the plate. For this a power- 
ful forceps is ncccs.sary. A cut- 
ting forceps has been devised by 
Kaliler, Tlie one devised by tlie 
author is illnstratcd in Fig. 205. 
The tooth plate should be at- 
lacked early, liefore tlie irritation 
set up by it has caused the esopli- 
aseal wall to become inflamed 
and edematous. "When this has 
()(-<-urred it is hard to got a good 
view. liriinings has invented a 
Hg. :;04. dilating csophagoscope for use in 

Tooth pliilc in the cHophagus. (Plate by ,, 

Dr. w. J. Dodd.) these cases. 
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After all esophageal examinations, and especially after the manip- 
ulations necessary for the dilatation of a stricture, or for the removal 
of a foreign body, the patient complains of a sore throat. Sometimes 
this is severe and makes the swallowing of food difficult for a few days. 
After the stretching of a stricture there may he pain along the course 
of the esoi)hagus and sharp pain in the epigastrium. Also there 
may be a rise of temperature for twenty-fonr hours. Xow and then 
there is emphysema of the side of the neck. These unpleasant symp- 
toms, which, put in perspective, must be regarded as trivial, soon dis- 
appear under simple treatment. 
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Fig. 205. 
Moaher's inBtrunient for cutting; n tooth pliitu i 
of bone. A Bmaller irmtrunierit of tliig snme piittpr 
for liondinf; piiia iloiilile aiiJ exliiu'tint; llii'ii. 



GASTROSCOPY. 

History. — In 1S81 Mikulicz, who did so much pioneer work in 
e.iophagoscopy, decided after exj>eriuientfition that the gastroscoije 
must be rigid. Tlio nu'u who had attacked tiie [iroblein of gastroscopy 
hefore this time had used instruments M'lii<'h were jointed. Mikulicz, 
liowcver, jdaced a bend in his ^astroscope in order that it might accom- 
modate itself to tlio curve of tlie vertebral colunm. His instniment 
was closed and the picture of the gastric mucosa was produced by 
prisms after the fasliion of the eystoscope. Rosenheim also worked 
with a rigid tube bnt he discarded the bend. In the construction of his 
tube lie also made use of lenses and prisms. It remained for Jackson, 
using a straight instrument without optic a])paratus, to make gastro- 
scopy feasible and comparatively easy. He elongated the esophago- 
scope of Einhorn and added a drainage tube on the side. He dem- 
onstrated that snch an instrument conid be passed into tiie stomach 
readily, and laid down the axioms of modem gastroscoi)y, namely: 
The gastroscope must he passed by sight. The stomacli should be 
examined in the collapsed state to pemiit cleaning of the nmcosa by 
mopping, and to enable tlie otierator to palpate the walls of the stomach 
with the end of the instrument. General anesthesia is indispensable in 
order to present retching. When this occurs the diaphragm clutches 
the tube and defeats the examination. 

Usefulness of Gastroscopy.— Modern gastroscopy after tlie method 
of Jackson is a relatively new procedure, so that the part it is to 
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play in surgery has not yet l)een determined. All endeavor in this line is 
still pioneer work. When the physician in making a diagnosis is able to 
substitute sight for touch he has made a gain almost too great to meas- 
ure. Gastroseopy by the Jackson method has actually done this. It 
follows, therefore, that it is of the greatest service in detennining the 
presence of cancer and in locating ulcers. By this method it is possible 
also to remove certain foreign bodies from the stomach. 

The cry of the surgical world in cases of cancer is, **Make the 
diagnosis early." When cancer of the stomach is suspected let the 
surgeon therefore turn to the gastroscope. 

Instruments. — The gastroscope of Jackson is a long esophagoscope. 
(Fig. 206.) Frequently in order to examine the stomach the tube must 
be 80 cm. in length. For many cases, however, 70 cm. is sufficient. 
Such a tube can be lighted satisfactorily only in one way, that is, by a 
light at tlie far end. This means that the tube must be of the self- 
lighted pattern. The diameter of the adult tube is 10 mm. Jackson 
states that he frequently uses a tube wliose outside dimensions are 11 
mm. in one diameter and 14 in the other. The distal end of the tube is 
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Fig. 206. 
Jackson *8 ])r()iichosc()pc, esophagoscojjc ami gastroscope. 

made in the form of a thickened ring in order to prevent injury of the 
tissues. The tube is fitted with an obturator the conical end of which 
projects beyond the gastroscope and makes the introduction easier. An 
elastic bougie somewhat longer tlian the gastroscope can be employed 
instead of the obturator. 

The Technic of Gastroseopy. — General anesthesia is essential for 
the ])roper i)erf()rmance of gastroseopy and deep anesthesia is neces- 
sary to prevent retching and to relax the fibres of the (liai)hragm at 
the ])oint where the esophagus passes through it. 

The patient is given the usual surgical preparation. Food is with- 
held for twelve hours in order that the stomach may be as empty as 
possible. Washing out the stomach is not a satisfactory substitute 
for fasting. 

The Position of the Patient. — Jackson in his earlier work had the 
patient placed on his l)ack and in a position lialf way between the Tren- 
delenburg and the horizontal i)()sture. This causes tlie Huid remaining 
in tlie stomach, and it is never possible to get the stomach completely 
dry except by m()i>ping through the gastroscope, to drain from the 
stomach by gravity. Of late Jackson has elevated the head of the table 
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after the introduction of the tube so that the operator can examine 
at his ease. In the final position, the head of the table is about 30 
cm. higher than the foot. The assistants are placed as in bronchoscopy 
or esophagoscopy. The second assistant holds the head. This is a veiy 
responsible position. Boyce, who has long assisted Jackson, has given 
much study to this detail of the examination. The following state- 
ment of the method in which the second assistant should manage the 
head is taken from a detailed description given by Boyce. The mouth, 
pharynx and esophagus are brought into a straight line, not by the 
leverage of the tube, but by the position of the patient's head. The 
head is held steadily in extreme extension and the mouth is kept wide 
open. The jaws are kept apart by a gag placed in the left comer of the 
mouth. The assistant who holds the head also keeps the gag in place. 

The patient is drawn toward the operator until his shoulders are 
clear of the operating table by four or six inches. The gag is inserted 
on the left side. The assistant sits on the right of the patient on a stool. 
His right leg is held in the kneeling position while the left foot is sup- 
ported on a stool 26 inches lower than the top of the table. The assist- 
ant's right foreann is passed beneath the neck of the patient and 
supports it. The right hand grasps the mouth gag and keeps it from 
slipping. The left hand of the assistant rests on his left knee and 
grasps the top of the patient's head and at the same time bends it 
backward and upward. The exact amount of backward bend and of 
upward pressure required is detennined by experience on the indi- 
vidual case. 

Passing the Gastroscope. — The gastroscope should be passed 
gently. If the tube does not advance readily its position is wrong and 
it should be changed. The tube must be well lubricated with vaselin. 
The gastroscope is grasped and held by the right hand of the operator 
after the manner shown in Fig. 207 (Jackson). 

The forefinger of the physician's left hand is introduced into the 
right pyriform fossa of the patient and the end of the gastroscope is 
carried down with the finger as a guide. As the tube descends a cer- 
tain amount of upward leverage is made with it on the base of the 
tongue and the epiglottis and finally on the cricoid cartilage. The 
finger of the physician can seldom feel the cricoid cartilage in the adult. 
This is immaterial because once the end of the gastroscope is well in- 
serted in the right pyriform sinus it drops readily into the esophagus, 
provided there is no disease at this point. Disease at the beginning of 
the esophagus should have been excluded previously by the use of the 
laryngeal mirror. If this has not been done it is excluded at the time 
by examination with the speculum. It is seldom necessary to pass a flex- 
ible bougie through the tube and into the esophagus to serve as a g;uidft,. 
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After the tube has slipped into the esophagus the head of the pa- 
tient is raised sliglitly, the obturator is withdrawn and the current for 
lighting is turned on. From now on the tube is passed by sight. The 
esophageal lumen must be made out ahead of the tube before it is 
advanced. With each inspiration the esophagus opens and guides the 
tube in the riglit direction. The end of the gastroscope is kept in the 
long axis of the esophagus, and not pointed strongly upward for fear 
of collapsing the trachea. After the introitus has been passed only two 
points give trouble. The first is the hiatus of the diaphragm, the sec- 
ond the subplirenic portion of the esophagus. The hiatus is passed by 
making the long axis of the elliptical tube correspond with the long 
axis of the hiatus. The axis of the hiatus, as has been said, is oblique 
from behind forward and from right to left. It helps verj' mnch if the 
hiatus is partially or fully closed as the tube approaches it. If it is, the 




Fig. 207. 
Ponition of tlie rislit linnd iliirirK tlie i 
vicHOfl from above by the opcrntor lookiiic iloiv 

observer sees a central rosette-like opening aliead of the tube. The 
esophagus leading down to tins is smooth. (Fig. 169.) Tlie end of the 
tube is placed against tliis opening and tlien a little pressure or a little 
deepening of the anesthesia allows the tulie to slip throngli into the 
abdominal portion of the esophagus. The picture seen through the 
tube at once changes. Instead of smooth walls as before, the esophagus 
is now tlirown into long, thick folds wliicli center at the left of the field. 
(Fig, 170.) Xo regular opening is made out, but if the end of the tube 
is crowded to the left and advanced slowly the folds part and the irreg- 
ular dark slit suddenly bursts ojien and the tube is in the stomach. If 
the cardiac oi)ening of the esophagus is in a state of spasm the long 
longitudinal folds of the abdominal esophagus swing from left to right 
and radiate from a small circular opening which is placed in the left 
quadrant of the field. 
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In order to pass the abdominal esophagus it is necessary sometimes 
to bend the head and neck of the patient to the right. Full anesthesia 
is necessary for passing the hiatus, the subphrenic portion of the 
esophagus and the cardiac opening. 

When the gastroscope has entered the stomach it is necessary, 
owing to the small field given by the tube, to have a system in the 
examination. There are two plans of exploration. First the gastro- 
scope is carried straight down to the greater cun^ature, inspecting 
on the way a strip of the anterior and the posterior walls. If the stom- 
ach is not sufficiently collapsed one wall must be taken at a time. After 
the first strip has been gone over the end of the tube is moved slightly 
to one side and brought up and a new set of folds examined. This is 
repeated until the pyloric limit is reached. 

As much of the stomach as possible is examined strip by strip. 
Then the second method of examination is practiced. This consists in 
passing the tube down to the extreme left of the greater curvature and 
then swinging it along the line of the greater curvature to the right. 
Having reached the right limit the tube is withdrawn a little and swung 
back like a pendulum. In this way, retreating step by step and swing- 
ing the end of the tube back and forth from right to left, the examina- 
tion is continued until the cardia is reached. The examination is 
greatly aided by having an assistant manipulate by palpation the unex- 
plored portions of the stomach in front of the end of the tube. For 
this purpose the patient may be turned first on one side and then on 
the other. During these manii)ulations the tube is withdrawn into the 
esophagus and then pushed into the stomach again when the new posi- 
tion of the patient has been adjusted. If the patient begins to retch 
when the tube is in the stomach it is withdrawn into the esophagus 
above the diaphragm. 

The vertical diameter of the stomach is detemiined by measure- 
ment. The distance from the teeth to the cardia is ascertained and 
then the gastroscope is pushed down to the greater curvature and the 
distance from the teeth detemiined again. The difference between the 
two measurements is the vertical diameter of the stomach. In these 
manipulations it is necessary to avoid pushing the greater curvature 
downward. 

The smallest vertical diameter found by Jackson in an adult was 
4 cm. (one and one-half inches) and the greatest 36 cm. (fourteen 
inches). 

The end of the tube tends to drag the stomach walls along with it. 
This can be avoided by withdrawing the tube a little and then carrying 
it down again. The average time required to examine the stomach is 
thirty minutes. 
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The Area of the Stomach Which Can Be Explored. — Vertical and 
infantile stomachs afford the greatest range of exploration. The more 
horizontal the stomach the less the range. The lateral movement of 
the hiatus makes it possible to examine the stomach over an extended 
area. This lateral movement varies with the individual. It is greatest 
in feeble, elderly and emaciated patients. Also the deeper the anes- 
thesia the greater it is. The anteroposterior mobility of the hiatus is 
of but little use. If the diaphragm were rigid gastroscopy would be 
much limited. Owing to its flexibility the end of the tube can be made 
to pass at the hiatus through an ellipse the small diamc^ier of which is 
5 cm. and the large diameter 15 cm. The long axis of this ellipse is 
placed laterally. 

The full range of the thoracic aperature is made available by shift- 
ing the head and the neck to the side. The pivotal or rocking point of 
the gastroscope is in the thorax not at the beginning of the esophagus 
or at the hiatus. 

As a rule the tube can be made to point in turn to either superior 
spine of the ilium and the greater curvature can be forced down to this 
level. 

Any anomaly or disease of the esophagus may render gastroscopy 
difficult or impossible. 

Contraindications. — The contraindications to gastroscopy are the 
usual conditions which make the giving of an anesthetic unsafe. 

Dangers. — The dangers of gastroscopy in careful hands are only 
the risks of the anesthesia. The observations of Boyce show that the 
blood pressure falls when a rigid tube is introduced into the esophagus. 
This, however, lasts only a short time. As esophagoscopy and gastro- 
scopy are done by sight there is less danger than in the passing of a 
sound. 

Difficulties. — Any physician who has had a training in the use of 
the mieroscoi)e can look through the gastroscope and see the picture 
which it presents. If he has not had this training it takes a little time 
for him to teach his eye to see. 

Lordosis, Potts' disease and other diseases of the spine make gas- 
troscopy impossible. 

The Stomach as Seen Through the Gastroscope. 

The Normal Stomach. — The folds of the stomach are constantly 
changing so that no two views are alike. When the gastroscope enters 
the cardiac opening the folds extend straight on from the mouth of the 
tube and a small tunnel of open stomach is seen. As the tube is carried 
down through this the folds take a lateral bend. Finally, the tube 
brings up against the stomach wall. This appears as a flat surface 
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which is sometimes mottled, sometimes slightly red. The greater 
curvature allows the tube to push it downward some 10 cm. before 
it resists. When the tube is withdrawn the stomach wall, which has 
been flattened against it foUow^s the tube upward to the position where 
the tube first encountered it or a little higher. As yet not enough 
is known about the arrangement of the fokls to attempt to group 
them. 

The mucosa of the esophagus and that of the stomach at times are 
strongly contrasted in color. The color of the esophagus, however, is 
more constant. The esophagus is generally a pale pink whereas the 
mucosa of the stomach varies from a similar pink to a deep crimson. 
Jacks<m considers that the color of the empty stomach varies from a 
pale red to a pale pink. The mucosa appears moist and glistening but 
less transparent than the mucosa of the esophagus. In the walls of 
the empty stomach vessels are not usually visible. 

The pylorus is, of course, found on the right extremity of the 
greater curvature. As the tube approaches the folds guarding it, it 
seems like a slit. This gives way when the tube lias fully reached the 
opening, and a round opening appears somewhat like the rosette made 
by the esophagus at the hiatus. The observer makes sure that the 
opening is the pylorus by advancing the tube into it until the small 
annular folds of the duodenum come into view. If bile colored fluid 
escapes upward at this point the localization of the pyloric opening is 
determined beyond a doubt. 

The Movements of the Stomach. — Beside the ordinary peristaltic 
movements of the stomach there are movements associated with the 
heart and with respiration. 

The movements transmitted from the heart are best seen just as 
the tube enters the cardia. They come from the heart and the descend- 
ing aorta and are synchronous with the beat of the heart and the blood 
wave in the aorta. 

The respiratory movements in the stomach are less nuirked than 
in the esophagus. Just as in the esophagus, there is, in turn, a nega- 
tive and a positive pressure. This alteration causes an inflow and an 
outflow of air. 

The Peristaltic Movements. — The peristaltic movements of the 
stomach which result from the action of its own fibres can be fre- 
quently seen. These, however, are not as marked as the antiperistaltic 
movements. The latter are of two kinds, the revers(»(l peristaltic 
movement, which is seen mostly at the fundus and caus(»s vomiting, and 
the antiperistaltic movement of the duodenal variety which is confined 
to the region of the pylorus. 

The pyloric third of the stonuich is the most unstable part. Jack- 
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son's description of the aperture seen through the tube as it approaches 
the pylorus states that in one instance the pylorus was surrounded by a 
rosette of annular folds. In another, the folds were larger. These 
curved in ahead of the tube and then were pushed aside by it. Finally, 
one large fold was encountered and when this was thrust aside a slit 
came into view. This changed at once into a rounded opening which 
was the entrance to a sliort tunnel in the lumen of which there were 
numerous small folds. From this opening and the tunnel beyond some 
bile-like fluid welled up. 

Gastritis. — Jackson thus describes the gastroscopic findings in a 
case of gastritis. The walls of the stomach were covered with a thick 
pasty secretion and the folds were thickened. In another case the 
secretion was in patches. In still another case the color of the mucosa 
seemed darker red than the normal. In only one case did this observer 
find dilated capillaries such as are seen in chronic inflammation of the 
esophagus. 

Peptic Ulcer. — Jackson has had the courage to examine the stom- 
ach in cases of ulcer, lie reports his findings as follows: The first 
ulcer was a dirty grayish-yellow and was not punched out. The ulcer 
of the second case was punched out and had slightly infiltrated edges. 
In another case the ulcer appeared as a longitudinal slit. In still 
another the bed of the ulcer was dark and rough. 

Malignant Disease of the Stomach. — Malignant disease of the stom- 
ach gives a varying picture in diflferont parts of the stomach and 
in different parts of the same growth. There is a striking contrast 
between the mucosa over a cancerous infiltration and the normal 
mucosa. Over the growth the normal folds disappear and the surface 
of the lesion is irregular, granular or nodular. In most cases secretion 
covers the site of the growth. The growth varies in color from white 
through gray and yellow, to pink, red, crimson, i)urple or brown. 
Malignant disease gives the best picture for diagnostic purposes when 
the growth has reached the fungus stage. 

When the mucosa is infiltrated but unbroken the tube can be used 
to palpate the growth and to determine the extent of the infiltration. 
In this way the growth may be pushed up to the abdominal wall and 
made accessible to extc^-nal palpation. The sense of touch transmitted 
through the tul)e is a great help in making the diagnosis of malignancy. 

Gastroptosis and Gastrectasia. — The position of the greater curva- 
ture and the vertical diameter of the stomach are easily obtained. The 
l>osition of the pylorus is essential in order to distinguish between an 
enlarged stomach and a stomach displaced downward. If the stomach 
is of the infantile variety the position of the lesser curvature is easy to 
make out, otherwise it is not. 



CHAPTER VI. 



PLASTIC SURGERY OF THE NOSE AND EAR. 

By Joseph C. Beck, M. 1). 



General Considerations. 

The borderline of general surgery and otolaryngology is so indis- 
tinct by reason of the evidence furnished by the study of this subject 
that there is some question as to where it rightfully belongs. It is the 
conviction that the laryngologist and otologist have the greater claim 
that impels the author to treat this subject from the specialist's stand- 
point. The otolaryngologic surgeon is better qualified to do this 
work simply because he is so well informed on the requirements of 
these structures from their anatomic characteristics and their physio- 
logic functions. Cosmetic considerations do not constitute the sole 
reason for the performance of these operations. 

The deformities or malformations which call for plastic proced- 
ure may be real or imaginary. The latter comprehend slight devia- 
tions from the normal, very much exaggerated by the individual, on 
account of which the patient becomes the patron of the beauty doctor. 
The psychiatrist would be of more service. Only real deformities or 
malformations are considered in this chapter. Each case is a law unto 
itself as to the technic, yet many varieties and modifications of meth- 
ods must be described. The purpose here is to illustrate rather than 
to give extensive descriptions of definite methods. 

History. — Reconstructive surgery with special reference to rhino- 
plastic operation dates back to the publications of Tagliacozzi in 1597 
(Figs. 208 to 222). although earlier reports of plastic surgery of the 
face were said to have been made by Benedictus in 1492. Tagliacozzi 's 
work, however, was not taken up very enthusiastically until about the 
eighteenth century, when a large number of surgeons recognized the 
value of this branch of surgery. Since then important contributions 
have been made by Rosenstein, Dubois, Boyer, Carpeie, C. Graefe, 
Balfour, Zeis, Biinger, Iloflfacker, Warren, Dieflfenbach, Blandin, Roux, 
Serre, Jobert, Mutter, Post, Pancoast, Buck, Andrews, Prince, Roberts, 
Koenig, Israel, Joseph, Langenbeck, Oilier, Nelaton, Keegan, Roe^ 



OPEKATIVE St-fiGERY OF THE NOSE, THROAT, AND EAR. 




PL-ISTIC SURGERY OF THE StWE AXD K.\«. 



2Sl 



Smith, Kolle, Reverdin, Wolfe, Krause, Tliiorsu'li. Gorsuiiy. I^'xor, Carl 
Beck and many others. 

Indications. — In considerinjr tho iiuliontions for plastio surju-ry ot 
the nose and the ear, we have in mind the cornn'tion of deft»cts; first 
for the re-establishment of certain fnnotions, sneh as rospiralion, pliona- 




tion, deglutition, audition; Juiil HinumiWy fur (rdHrnctic i(''|iiti*rrin;rif.H. 
Of these the fonner purjiosc in hy far th'- iiio.-t irnjiorfarit fmrii tli** 
operator's point of viow, hut thu liittfrr is oftcti of s^rf-fit'-r 'itiUTi-nt from 
that of the patiwit. At thn mtmi- Viwt- iht- *;OHiiicti(; indl'^ntion tiiimt not 
be nndcn-alu*'d. hs hy n-it-r.u <,f (Icl'inniri'-.-' inn! rruiltV>nfi«rif.rpj' nmny 
unfortunate inriivi<lii«lH im- 'h-nifrd *rf|iifil '-hjiii'-*'-* nriil privil(:j<c-* in iif" 
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with their fellow-man. It can be stated unhesitatingly that even when 
the best results are obtained cosmetically, the patients are still much 
handicapped by their appearance, since such results still leave them 
objects of curiosity and comment. This of course is more especially 
true of extreme deformities of the nose and ear. 

The so-called better classes are annoyed by certain minor deformi- 
ties, malformations and blemishes w^hich injure their pride, but w^hicli 
otherw^ise are of little consequence. However good a result is achieved 
by the operation, the patients are never entirely satisfied, and persist 
in their desire to have more work done. These unfortunates mostly 
self -centered and neurotic individuals become the prey of the so-called 
* * beauty doctor, ' ' and many bad consequences result from the unscien- 
tific surgery of the latter. 

It is best to attempt to discourage them from having plastic opera- 
tions performed; furtheraiore, great care should be exercised when 
operating on them to have the patients or their immediate family as- 
sume all the responsibility as to the cosmetic results. 

As a preliminary to the performance of plastic surgery it is neces- 
saiy in order to obtain the best results to ascertain whether or not 
some general or local pathologic condition, such as lues, tuberculosis, 
general anemia, malnutrition is present. These are among the most 
frequent causes of failure. A local chronic skin infection, as eczema 
or granuloma, wdll retard or prevent healing even if the plastic has 
been perfect. 

Important Factors. — Since there are so many varieties of deform- 
ities there are naturally a great many procedures for their correction. 
After all it remains for the individual operator to use his judgment as 
to the sele(!ti(m of a i)artieular type. Again, frequently a plan must be 
changed during the operation and an entirely different principle ap- 
I)lied, or perhajis a combination of dilTerent principles or operations 
must be ad()])ted. 

It is of great help to know the condition and position of the struc- 
tures i)revious to tlie defonnity. If this has existed from birth, the 
normal condition of the parts should be known. This is especially im- 
portant in nasal and ear plasties. For instance, in constructing a nose, 
the surgeon is very fortunate if he can obtain a photograph taken be- 
fore the deformity was acquired. Sometimes photographs of the closest 
relative who is known to have resembled the patient before injury, 
are of great service. To nuike a nose of the Ronuui style when, as a 
matter of fact, the patient had a short stubby, thin, straight or bulbous 
nose before, would b(» ignoring an inii)()rtant principle. 
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In ear plastic the opposite ear may be used as a model, in the 
majority of instances. 

The selection of the method of operative procedure is naturally of 
great importance. A definite rule cannot always be laid down since, 
as has been said, each case is a law unto itself, and the operation indi- 
cated varies with the age, condition, and vocation of the patient. A 
rule which the writer has followed is to employ at first a method in- 
volving no loss of tissue, and consequently no additional deformity in 
case of failure. In other words, it is best to form the nasal structure 
by employing transplantation methods in preference to using flaps 
from the face or forehead. Similarly intranasal are to be preferred 
to external methods. 

Flaps should be properly selected and prepared. They should be 
measured out previous to the operation, one-third larger than the de- 
fect, and made very plastic, that is, with not too much underlying 
tissue. Making them too thin or devoid of subcutaneous tissue is even 
a greater mistake, since their nourishment is thus likely to be affected. 
It is necessary to make their pedicles conform to the blood supply; 
that is, to construct the flaps so that the greater diameter of the vessel 
is in the pedicle and not in the periphery. If the pedicle is too greatly 
twisted strangulation of the flaps may occur. 

While perfect cleanliness or asepsis is practically impossible in 
nasal surgery, great care should be taken not to introduce foreign 
microorganisms into the wound. 

Thorough removal of diseased tissues as well as of cicatrices is 
quite as important as the free undermining of the borders of the wound. 
Patches of skin or mucous membrane must be dissected out, since the 
retention of nests and the accumulation of epithelium may prevent a 
good result. 

Covering Defects. — It is advisable to study the principles which 
govern the covering of congenital or created defects. Dieffenbach, 
Langenbeck and others have developed this subject to such an extent 
that almost any form and size of defect in the skin may be covered with- 
out causing a marked deformity in the region from which the tissues 
are taken. 

1. Defects may be covered by making incisions in certain direc- 
tions and uniting in the opposite direction, thus loosening the tissues 
and uniting them in the best possible manner so that the tension is the 
slightest. Counter-incisions, to relax the tissues and to facilitate easy 
approximation of the skin, are also frequently employed. Fig. 223 
demonstrates various shaped defects and the method of covering them. 
The arrows indicate the direction in which the flaps should be turned. 
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2. Skin Grafting. — ^A, Reverdin; B, Thiersch; C, Wolfe or 
Krause; D, Epithelial spread. 

(A) The Reverdin method is to raise a small bit of epidermis 
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Tig. 223. 
IncUions and flajw for closing defects. (Celsus.) 
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by means of a needle, snip it off with knife or scissors and place it over 
the prepared granulating surface. (Figs. 224 and 225.) 

(B) Thiersch grafts are obtained either from the arm or leg 
(from parts containing little hair) by placing the skin on a stretch and 
employing a very keen razor or special knife. (Fig. 226.) With a 
steady side to side movement, the epidermal layer is cut off and folded 
on the knife. By means of this knife the graft is carried over to the 
granulating area to be covered, and by the aid of a needle it is laid and 
spread out on the defect. Particular attention is paid to the margins 
of the graft, so that they are thoroughly spread out, and not roiled in. 
This should be done as carefully as when preparing a microscopic 
specimen. The next graft should not be apphed too close to the first. 




Fig. 224. 
Making Reverdin graft. 



R«verdia graft applied. 



and so on, since the epidermis grows quite readily from the margins 
and thus bridges over more easily than when the grafts are placed 
too close to one another. The grafts should not be too large, since these 
do not survive as well as small ones. After the entire defect is covered, 
the grafts are held to the granulating surface by means either of 
strips of paraffin or of rubber tissue in the form of lattice work. 

(C) Wolfe or Krause grafts are transplantations of the entire 
skin, that is, of epithelium and corium. These should be devoid of 
very much subcutaneous fat and should not be too large, since their 
vitality is much interfered with when they are of more than one-half 
inch in size. Tliese particles of skin may contain hair whore such is 
required, as for the formation of eyebrows or on the upper lip in the 
male, to form a mustache. 
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(D) Epithelial (Aussalit) Spread. By means of a razor the sur- 
face epithelium is scraped until a slight oozing of serum (but not 
blood) occurs, and tlien this scraped off epithelium is smeared on the 
granulating surfaces in a very thin layer. It is hest covered with a 
thin layer of paraffin before covering with gauze and bandage. 

Recording Cases Before, During and After Correction.— As has 
been stated it is hest in all cases to obtain a photograph of a patient 
before the oceuireiicc of the deformity. Tliis will give the operator 




the advantage of reiniKlucing as nearly as possible tlic original con- 
dition of the parts. If no photograph is obtainable or if there be a 
congenital defect, tlie operator will be called upon to use his judgment 
in the rcconstructinn. Tliis should l)c in conformity with tlie rest 
of the features and facial expression. It is noeessarj- to know that a 
broad face, which is known as the eurygaiatlious variety, will require 
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a formation or reconstruction of a broader nose than if the face is 
protruding, or of the prognathous type. Again, if the face be of the 
non-protruding variety, orthognathous, a short nose is best suited to 
it. (Roe.) 

The next step is to obtain a very detailed history and to make a 
thorough local and general examination. Intranasal and pharyngeal 
inflammatory and obstructing conditions must be noted as well as the 
local pathologic changes that may be present on the external nose or 
ear. As to the general conditions existing, syphilis, tuberculosis, severe 
anemia, and malnutrition must receive the strictest recognition. 




Fig. 227. 
Stereoscopic photograph of plaslor cast. 

A number of photographs from every angle should be taken. The 
author is now accustomed to take stereoscopic photographs, which are 
a vast improvement over the single exposure, since they bring out much 
more clearly the various defects, however small they may be. 

Plaster casts (Fig. 227) are excellent positive records of the con- 
dition present. The following method is used for making easts: Fill 
a one-half pint bowl half full with tepid water and plaster of Paris 
(dental) until the latter is submerged. Ponr off excess water and stir 
to proper consistency. When one desires quick setting of the plaster, 
a pinch of table salt is introduced into the wann water before the plas- 
ter is added. Before applying it to the face a fine layer of vaselin is 
spread upon the skin and the anterior nares or the nasal apertures are 
plugged loosely with cotton. A small rubber tube is kept ready to 
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place into the patient's mouth at the last moment, just before the plas- 
ter is put over the mouth, in order that the patient may breathe while 
the plaster hardens. The mask is begun by placing the plaster in thin 
layers about the forehead over the closed eyelids, cheeks, lower jaw, 
nose, upper lip, lower lip, and closely about the tube. This first layer 
is reenforced with a goodly quantity of plaster and the mask is allowed 
to harden. The subject should avoid any facial movements, in fact he 
should lie perfectly still until the plaster is set, which takes usually 
from three to five minutes after the mask is finished. 

The removal of the fomied mask is now very carefully manipu- 
lated so that it may come off in toto. If it should unfortunately break 
into two or more parts, it is carefully placed together and cemented, 
as is done by the dentist in making plaster casts. In fact this whole 
procedure is so much like the making of dental impressions that the 
author would recommend that a dentist be employed for the purpose. 
To make the positive from this mask is the next procedure, and this is 
accomplished by i)ainting tlie inner surface of the thoroughly dried 
cast (mask) with sei)arating fluid and pouring into it plaster of Paris 
until it is thoroughly filled. This is now allowed to harden and dry, 
when the mask is carefully picked off from the positive at the pink 
line of demarcation of the fluid. The chips and defects on the positive 
cast, caused by this tedious process of picking off the mask, must be 
repaired with plaster. 

Secondarj^ casts and photographs, showing the effect of treat- 
ment, are of seiTice as additional records, while stereoscopic photo- 
graphs are even better than plaster casts. 



Rhinoplasty. 

Classificatioii of Nasal Deformities. 
I. According to Roe : 

Deformities 



Bony j'Ortion 



Vertical 



Lateral 



Convex Concave Spatiilated Deflect«Ml 



Cartilaginous portion 



Til) 



Wings 



Collai>8ed Expanded 



Excessive 
deficient tissue 



Deflection from 
median line 
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II. According to Kolle. (In deficiencies particularly referable 
to paraffin injections.) 



1. Anterior Nasal Deficiency 



Superior one-third. 
Middle one-third. 
Inferior one-third. 
Superior one-half. 
Inferior one-half. 
Total. 



Total. 



2. Lateral Insufficiency 



f Unilateral. 
\Bilateral. 



3. Lobular Insufficiency. 

4. Interlobular Insufficiency. 



5. Alar Deficiency 



6. Subseptal Deficiency 



r Unilateral. 
I Bilateral. 

j Partial. 
I Complete. 



III. Author's Classification. 

A. Etiology. — Traumatic, Luetic ; Congenital ; Tubercular and Lu- 
pus; Simple infections, as abscess; Perichondritic ; Atheromatous, or 
Acne Rosacea; Neoplasms, malignant and benign; Gross Imagination, 
or Vanity. 

J5. Form. 

1. Large hump nose. 

2. Twisted nose. * 

3. Kinked and double kinked. 

4. Saddleback, kinked and with wide ate. 

5. Pinched pointed, with collapsed ate. 

6. Flat or squashed, with large ate and large vestibules. 

7. Notched. 

8. Congenital absence of premaxilla and columellar cartilage. 

9. Pushed-in nose. 

10. Absence of external nose and septum. 

11. Unilateral deformities. 

12. Hare-lip nose. 

13. Combination of nasal and face deformities. 

14. Pound or hypertrophic nose. 
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Methods of Procedures in Nasal Deformities and Malformations.^* 

I. German or French method, including skin grafting. 
11. Italian or Tagliacozzi's method, with modifications. 

III. Hindoo or Indian method. 

IV. Double transplantation method (toe to hand, to nose). 
V. Finger method. 

VI. Clavicle method. 

VII. Implantation method (paraffin, etc.). 

VIII. Reduction method. 

IX. Artificial method. 

X. Orthopedic metliod (Carter's clamp, pins, etc.). 

XI. Intranasal method. 

XII. Miscellaneous and combination methods. 

I. German or French Method. (Facial.) 

When a subtotal destruction or an unilateral defect is to be cor- 
rected this metliod gives excellent results. The transposition of the 
newly-formed parts may be accomplished by sliding or pedicle forma- 
tion. Small d(»fects may be covered by rearranging flaps from the 
nose itself as shown in Figs. 234 and 235. 

The nasolabial fold olfers the best place for pedicle flaps. Flaps 
for building up the prominence of a nose as well as for forming an epi- 
dennal lining of the nose are frecjuently formed from the cheeks and 
turned outside in, as shown in Figs. 228 and 221). Columellae may be 
made from the point of the nose, from the outer i)art of the middle of 
the lip, or from the mucous membrane of the li])s, and ]>assed through 
in buttonhole fashion, as shown in Figs. 252-2()(). It is most impor- 
tant to loosen the parts thoroughly and to effect i)ei'fect adaptation 
of the margins. Portions of the nasal bones, nasal processes of the 
superior maxilla or of the premaxilla and the floor of the nose, are 
utilized for sui)port of the nose formed after this method. (Figs. 286 
and 287.) Other materials for supi)ort are cartilage from the septum 
resected from other patients, or, clavicle, and bones from the toes, 
fingers, and the anterior surface of the tibia. (Figs. 307-314.) 
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Correction of Unilateral and Partial Deficiencies of the Nose. 

Legg's Operation. 

1. Make a small tongue-shaped flap, with its hinge pedicle at the 
nasolabial crease. (Fig. 228.) 

2. Turn over with skin surface into the vestibule, and suture all 
about the margins of the ala, which have been freshened up, and close 
created defect on the cheek. (Pig. 229.) 





Fijr. 228. Fig. 229. 

Legg's operation for correction of unilateral and partial deficiencies of the nose. 

One Week Later. 

3. Sever the pedicle and readjust, then suture to the remaining 
alar margins. 

4. Cover the flap with a thin Thiersch graft. 

Koenig's Operation. 

L Make a semilunar incision through the ala remaining and dis- 
sect the margin away. (Fig. 230.) 

2. Take a Wolfe gi-aft from the thick skin of the back of the 
neck and implant into the alar defect. (Fig. 231.) 

Von Esmarch's Operation. 

1. Make a flap in the nasolabial fold. (Fig. 232.) 

2. Turn on its pedicle with the skin outwards and suture. (Fig. 
233.) 

3. Eventually sever the pedicle one week later and readjust ptirts. 
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rig. 230. Fig. 2.1 

Kocnig'B operation. 



Fig. 2.S2 Fig. 233. 

Von Esmarch 'a operation. 
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Fig. 2:14. 






Fig. 235. 
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1 operation. 
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Von Langenbeck's Operation. 

1. Freshen up the surfaces on the defect. 

2. Make a flap on the healthy side of the nose with the pedicle over 
the side of the defect. (Fig. 234.) 

3. Dissect this flap loose and stitch into the prepared defect, 
turning in the lower margin of the flap so as to make the nostril have 
a dermal surface. (Fig. 235.) 

4. Cover the newly-formed defect either with skin graft or dis- 
sect loose the tissue of the cheeks and cover the defect by sliding the 
skin over it. 






Fig. 236. Fig. 237. 

Dieffenbach 's operation. 



Fig. 238. 
Von Esmarch's operation. 



Dieffenbach 's Operation. 

1. Make a reversed V-shaped incision through the ala above the 
defect and dissect freely. (Fig. 236.) 

2. Beunite in the form of three three-cornered flaps. (Fig. 237.) 

Von Esmarch's Operation. 

1. Freshen up the margins of the defect. 

2. Make a flap of the side of the cheek with a pedicle on the side of 
the nose. (Fig. 238.) 

3. Implant flap and suture on three sides. 

One Week Later. 

4. Sever the pedicle and complete the closure of the defect on 
the ala as well as of the newlj^-formed defect on the side of the nose and 
clieek. (Fig. 238.) 
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Busch's Operation for Partial Loss of Tip and One Side of the Nose. 

1. Form a lateral flap. The pedicle is formed on the side of the 
cheek opposite to the defect of the ala, and the main body of the flap 
is made from the bridge of the nose. (Fig. 239.) 

2. Eemove the undesirable skin margin of defect. 

3. Dissect the flap and suture in position, the prominent convex 
border of the flap being fitted well into outer margin of the defect. 
The tongue -shaped portion makes a well-adjusted tip and columellie 
covering. 

4. The newly-formed defect is covered and corrected one or two 
weeks later, when the pedicle is severed. 




Busch's opoi 



Fig. 239. 
1 for imrtial loss of lip and c 



Nelaton's Operation. 

1. Form two iiuadrangular flaps from the cliecks, the bases of 
which are situated over tlie bridge of the nose and angle of the eye. 
One of tlic flaps sliould imve an additional centra] flap to form tiic 
cohiniolUi. (Fig. 240.) 

2. Freslien the margins of the defect. 

;i. Bring flaps together and suture in place over the filtrum of 
tlic fohiiiH'lla. 

4. Cover created defect either by Wolfe or Thiersch grafts, or 
slide over the skin from tlic clieeks. 
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Syme's Operation. 

1. Two lateral flaps are made, one to each side of the defect, 
extending to the lateral portion of the nose and to the cheeks, both 
these flaps having a common central pedicle over the root of the nose. 
(Fig. 241.) 

2. Freshen up the margins of the nasal defect. 

3. Suture the two flaps together in the median line. 

4. Turn the sitin in at the lower margins of the flap, and suture 




^#.-««'V'%^ 



Ti lalon s operation 

so as to make a cutaneous surface where the nostrils will subsequently 
be formed. (Fig. 242.) 

5. Suture the two lateral flaps into the raw surface on the side 
of the nose. 

6. Dissect the skin of the cheek and bring it close to the lateral 
flaps and suture. Any defect remaining may be covered by skin grafts 
or be allowed to granulate, 

7. Tubes of stiff rubber are placed iu each primitive nostril. 

8. Subsequent formation of the columella from the upper lip. 

Correction op Total Loss. 
Helfeiich's Operation (French Method). 

1. Make a quadrangular flap from one side of the cheek with its 
pedicle on the side of tlie nose, for the purpose of support and to line 
the nose with skin. (Fig. 243.) 
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Fig. 242. 
Sjine's operation. 
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Fig. 244. 
Helferich'a operation for total loss o( a 
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2. Make a somewhat oblong flap from the other cheek with its 
pedicle placed towards the inner corner of the eye, for the purpose of 
covering the first flap, and reconstruct the nose. (Fig. 243.) 

3. Dissect and turn the quadrangular flap across the naval defect, 
and suture the previously freshened margins of the nasal defect, facing 
its skin surface into nasal cavity. (Fig. 244.) 

4. Dissect oblong flap and bring it in contact with the denuded 
surface of the first flap, and suture in place. 

5. Close, by sliding and readapting the skin about the cheeks 
over the newly-formed defects. 

One Week Later. 

6. Sever pedicles and readapt the parts to a smoother healing 
surface; secondary operation upon the alae and columella. 

Roberts' Operation for Sunken Bridge With Upturned Lobule or Tip 
of Nose. Fig. 245. 

1. A transverse incision is made into the nasal cavity, the tip of 
the nose being pulled down so that tlie nostrils appear horizontal. 
(Fig. 246.) 

2. An inverted V-shaped incision is made between the eyes up to 
the forehead. (Fig. 246.) 

3. The skin and subcutaneous tissue between the first transverse 
and the second V incision are dissected thoroughly. 

4. This dissected skin is brought down, the point of the flap dis- 
placed as low as possible, and the lower defect broadly sutured. (Fig. 
247.) This fonns a good prominence over the former depression. 
Dressing should be retentive so far as to hold the tip of the nose dowm. 

Roberts' Operation for Sunken Saddle-back Nose. 

1. Sever the lobule and alae from their ])ony and cartilaginous 
attachments at the deepest part of the saddle. 

2. Draw the lobule and alaj down so as to bring the nostrils into 
an almost horizontal plane; this leaves a conical defect into the nasal 
cavity. (Fig. 248.) 

3. Make two small skin flaps from the cheeks with their pedicle 
towards the root of the nose. (Fig. 248.) 

4. When these flaps are dissected, they are turned with their epi- 
dermal surfaces towards tlie nasal cavity and are united one to the 
other as well as to the upper portion of the newly-formed defect in 
the nose. Tliis brings their raw surfaces extenially for granulation 
formation and subsequent supi)ort for the newly-fonned skin flaps. 
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Fig 246 Fig. 2-17. 

Bob«rt s operation for sunken bridge with upturned lobule or tip at n 
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Fig. 249. 
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Fig 2j0 Pig. 251. 

Robert's operation for Bunkcn Baddle-book nose. 
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The defects in the cheeks created by these flaps are at once united. 
(Fig. 249.) 

5. About one week to ten days later, the irregularities about the 
base of these cheek flaps are corrected by incisions and proper sutures 
so as to obtain a smooth surface. 

6. When all the inflammatory reaction has disappeared, usually 
in about three to four weeks, an inverted V-shaped incision is made 
down to the bone. Corresponding to this incision just above the margin 
of the nasal defect, which is now covered by the inverted skin flaps, a 
similar incision is made except that the legs of the V run more hori- 
zontally. While the legs of the upper incision terminate below the 
eyes, close to the inner corner, the lower come out further on the cheeks, 
giving greater plasticity to the flaps. The apices of the two inverted 
V-shaped incisions are now joined by a vertical one immediately over 
the crest of the nose. (Fig. 250.) 

7. These two flaps, rhomboid in form, are dissected very freely 
from the underlying tissues and the cicatrized surface of the skin flaps 
covering the defect freshened by gently scraping with the knife blade. 
One flap is turned so as to fit its extreme point or tip into the opposite 
extreme point of the defect and is anchored by a suture ; then the sec- 
ond flap is brought above the first so as to fill in the defect to the great- 
est extent, and is anchored. This will leave a somewhat triangular 
defect at the root of the nose and lower portion of the forehead which 
is closed by three or more sutures in a vertical line. The two flaps are 
now sutured to the various margins and to tliemselves as shown in 
Fig. 251. 

Formation of a New Columella (From the Upper Lip). 

Dieflfenbarch's Operation. 

1. Two parallel incisions, separated about one-fourth inch, are 
made through the entire thickness of the upper lip up to the margin 
of the nasal floor. (Fig. 252.) 

2. Turn this tongue-shaped flap so that the skin surface looks 
into the nasal cavity and mucous membrane externally, and locate a 
point where the free end of this flap will touch the nasal tip without 
undue tension or twist of the base of the flap. 

3. Denude this located area of skin. (Fig. 252.) 

4. Remove the mucous membrane from the tip of the tongue- 
shaped flap. 

5. Suture this tip into denuded surface of nasal tip. (Fig. 253.) 

6. Liberate the margins of the newly-formed defect in the mid- 
dle of the lip. 
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7. Suture skin and mucous membrane separately. (Fig. 253.) 

8. If the operation is on a man, it may be necessary to denude the 
tongue-shaped flap of its dermal covering as tlie hair would subse- 
quently irritate the interior of the nose. 




Pig. 253. 
Dielfcnbnch 'b oi>cration fur formut 




Fig 233 
V col in ella from the upper hp 





Fig. :55. 
1 tlie dorsum of Hie 



From the Dorsum of the Nose (Hindoo Method). 

1. An oblouf,' Hap is made, tlie pedicle being at the side of the ala 
running to the tip of the nose. 

2. A defect is made at the junction of the upper Up with floor of 
the nose. (Fig. 254.) 
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3. The flap is turned downward and sutured into this defect. 
{Fig. 255.) 

4. The defect on dorsum of nose is sutured or a skin graft is 
used. 

5. Any slight irregularities are to be corrected at a subsequent 
time when the pedicle is severed. 




Fig. 25i>. 
Lexer's o(>eration for llie forniutio 
bra no of the upper lip. 



Lexer's Operation for the Formation of Columella (from the Mucous 
Membrane of the Upper Lip). 

1. Construct a tongue-shaped flap with its base towards the 
gingival margin on the under surface of the upper lip, made up of 
mucous membrane and some underlying submucous tissue. (Pig. 256.) 

2. Dissect it loose, and close to its base remove tbt epithelial 
surface of a small transverse strip which will subsequently be within 
a buttonhole of the upper lip. (Fig. 257.) 

o. Form the flap in a sort of a roll, suturing the margins. (Fig. 
258.) 
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Fig 262 
Italian or TaghacoEzi s method. 
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4. Make a buttonhole in the center at the junction of tlie upper 
lip antl floor of the nose, through the thickness of the Up, in front of 
the pedicle of the flap. (Fig. 259.) Also make a notch at the tip of 
the nose. 

5. Bring the flap through and suture into the notch at the tip of 
the nose and also at the buttonhole. (Fig. 260.) 




Fig. 263. 

Italiiiii or Tftgliflcozzi 'b method. 

II. Italian or Tagrliacozzi's Method. 

This method, which is the oldest, is not employed to any f,n'cat ex- 
tent at the present time, as the patient is very much inconvenienced by 
having his arm held in a very constrained position for such a long 
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period. Its purpose is to obtain a flap from the arm as shown in Fig. 
261. 

1. The flap may be allowed to become firm and of proper size by 
placing rubber tissue, Cargile membrane or anointed gauze between 
the denuded surface so as to prevent it from reuniting. The flap should 
always be made one-third larger than the surface to be covered on 
account of the subsequent shrinking. 

2. After the parts about the nose are freshened and loosened up 
the flap is sutured for about two-thirds of the distance, holding the 
hand over the top of the head and fixing it by means of adhesive plas- 
ter as in Fig. 262. The pedicle should not be twisted too acutely. 

3. A complete immobilization plaster cast is put over this pri- 
mary adhesive fixation, care being taken to protect the eyes while it 
is being applied. After it has thoroughly hardened, spaces or win- 
dows are cut out so as to expose the wound, the eyes, ears and mouth, 
as in Fig. 263. The wound is covered by a separate dressing. This 
cast is allowed to remain until the parts have healed, the stitches 
being removed usually in one w^eek to ten days. It is then time to sever 
the attachment of pedicle to the aim. The remaining portion of the 
defect about the nose is freshened and loosened up, the pedicle trimmed 
to fit the parts, making allowance for a columella, and the external 
parts of the nose finished. The skin defect on the arm is cleansed, 
the margins are freshened and loosened up and sutured. Grafts may 
be used, or the defect may be allowed to heal by granulation. 

Israel's Operation. 

Instead of obtaining the flap from the arm, one is made from the 
forearm, and the arm and forearm are so placed as to make the patient 
most comfortable, as shown in Fig. 264. The retention of the arm is 
the same as in the Tagliacozzi method. 

1. Make incision in left forearm symmetrically on both sides of 
the ulnar edge, and form a trapezoidal skin flap. The small part of the 
trapezoid which points towards the wrist should be 4.5 cm. from the 
styloid process. (Fig. 265.) 

2. With a chisel, outline a bone flap from the ulna in connection 
with the partially dissected skin flap 0.75 cm. wide and 6 cm. long. 
(Fig. 265.) 

3. With a fine saw this bone sliver is severed from the ulna, care 
being taken that it remains attached to the skin flap and to the ulna 
at the upper end. Iodoform gauze is interposed to prevent reunion. 

A Few Days Later, 

4. Break the bone bridge at the point where the tip of the nose is 
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to be formed and dress in this form. Allow for greater thickening of 
parts for another three to four days. 

5. Transplant flap to nasal defect and fix at the side as shown 
in Fig. 264. Immobilize by the usual method of plaster of Paris jacket. 




Fig. 2(!5. 
Israel's opcratiu 



Two Weeks Later. 

6. Sever the bony and skin pedicle and readjust parts to form a 
nose. The bone should be united with the nasal spine at the floor of 
the nose and the skin sutured about the side of the nose, 

7. Form the columella and nostril from the remaining .skin flap 
that was purposely taken for their formation. 
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DiefTenbach's Operation. 

1. Outline a trapezoidal flap above the elbow on the inner sur- 
face, one-third larger than the newly-formed nose is to be. 

2. The heavy lines in Fig. 266 show the formation of incisions 
and this skin flap is dissected freely. 

3. Turn in one-lialf of this flap so as to brina: the skin next to the 




FiR. 267. 
DielTpnlmph 'a opcratio 



raw surface of the arm in order to prevent adhesion and also to form 
the so-called roll of the dorsum of the future nose; fasten by two 
sutures. (Vig. 2(i7.) 

Six ^Ve^'^is Later. 

■i. Sever the upper part of the flap and turn downward. Remove 
the two stitches and lay tlie flap open partially. (Fig. 26S.) 

5. Freshen up niarprins of the nasal defect and suture in this new 
flap as in the usual Italian method. 
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Two Weeks Later. 

G. Sever the pedicle and readjust the parts to form the alae and 
columella. 

Nelaton's Operation. 

1. Form a pedicle flap from the forearm and attach to (lie mar- 
gins of the defect. (Fig. 269.) 




Fig. 269. 
Ndlaton's operation. 

Two Weeks Later. 

2. Sever the pedicle. 

3. Form two flaps from the outer margin of the alar openings 
outward and downward as low as the inferior maxilla in the naso- 
labial fold. {Fig. 270.) 
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4. Turn these so as to make skin-lined nostrils and also a colu- 
mella or septum support for the new formed flap, which should also 
include a small flap for the formation of a double columella. (Fig. 
271.) 

5. Suture these flaps to one another and close the defect in the 
nasolabial fold. (Fig. 271.) 

Tico Weeks Later. 

6. Sever the pedicles of the two flaps and adjust them to the als 
of the nose. Also reconstruct the columella. 




Ntlnton a opera ti 



III. HINDOO OB INDIAN METHOD. 

Tliis is by far the preferable method when there is so much de- 
struction of the nose tliat insufficient tissue is obtainable in the imme- 
diate neighborhood, as the cheeks or the nose itself. The flaps may 
vary as to their shape and outline, according to the area to be cov- 
ered and according to the area of the ala; or upper portion of the nose 
that is present or can be utilized. (Fig. 272.) 

Tlie character and extent of the defect detennine the side of the 
forehead from which the flaps are to he made. In tins particular, the 
flaps should l)e so constructed that the pedicle should contain tlie angu- 
lar artery, which should be subjected to very little twisting. In fact 
no tension must he exerted anywhere on these flaps. Tho flaps may 
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be formod of the skin and part of its underlying connective tissue only, 
or tiioy may contain the periosteum and even a portion of the external 
table of tile frontal bone. The frontal defects thus created by the turn- 
ing of the flap may be covered in several ways. By loosening up the 





Fig. 272. 
Hindoo or Indian method of flap formation. 




Fig. 273. 

Thiersc.li 'a operation for total loss of t 
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margins and drawing the parts together as far as possible, the granu- 
lation may be encouraged; a Thiersch skin graft may be used, or the 
entire area may be covered by skin graft (Thiersch, Wolfe or Krause). 
After union takes place the pedicle is severed and the stitches are 
removed. It requires usually about eight to ten days before the pedicle 
is cut oflf, and it is frequently very thick and large, so that it must 
be trimmed oflf and adjusted to the still existing defect between the 
eyebrows and root of the nose. 

Thiersch's Operation for Total Loss of Nose. 

1. Make two small quadrangular flaps from the cheeks at the 
lower portion, forming their hinge at the side of the nose where they 
will constitute the inner surface of the nostrils and ala of the nose. 
(Fig. 273.) 

2. Dissect them loose and turn them with their dennal layer 
towards the nasal cavity. 

3. Suture one to the other in the median line. 

4. Make a frontal pedicle flap and suture into the freshly denuded 
margins on the side and lower part of the nose (Fig. 273.) 

5. Cover newly-formed defects by Thiersch grafts. 

Nelaton's Operation for Total Loss of Nose (Indian Method). 

1. Expose entire length of costal cartilage of the eighth rib. 

2. Excise. 

3. Trim down to a size 2.5 cm. long by 3 mm. wide. 

4. Cut a notch where the point of the nose is to be formed by this 
cartilage, that is, about 0.75 cm. from the end nearest to the base of 
the forehead pedicle. 

5. Outline the forehead flap. 

6. Incise the base of this flap down the bone for about 0.5 cm. and 
make a tunnel to fit the cartilage strip. 

7. Introduce cartilage strip with its notch towards the skin in- 
cision so that it is between the frontal bone and its periosteum. (Fig. 
274.) 

8. Close skin-i)eriosteal incision. 

Two Months Later. 

9. Make an incision about the nasal defects in such a manner that 
two lateral and one upper central flap will result. (Fig. 274.) 

10. Turn these over so that the skin surfaces will look into cavity 
of nose. 

11. Stitch with catgut so as to retain them in position. 
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Pig- 275. Fig. 276. 

Nflatou 'a operation for total toss of nose. 



314 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

12. Cut forehead flap with its pedicle towards the opposite inner 
corner of the eye, over which the flap is situated as shown in Fig. 275. 
This flap contains the previously introduced cartilage with its under- 
lying periosteum. 

13. Turn the flap downward, over the previously turned flaps 
made from the margin of the defects. The flap should be fashioned into 
a sort of a tip of the nose by bending the cartilage where the notch had 
been cut in it, so as to make a proper columella. 

14. Stitch in place. (Fig. 276.) 

15. The defect in the forehead is closed by skin graft or sliding 
flaps. [Author's comment. — This forehead defect can be covered much 
better by sliding the skin and making counter release incisions in the 
hairy portion of the scalp.] 

One Week Later, 

16. Cut pedicle, trim it and implant in existing defect at the root 
of the nose. 

Koenig's Operation (Indian Method). 

1. Make a transverse incision across the depressed portion of 
nose into the nasal cavity and dissect loose the tip of the nose, so as to 
bring it into a more horizontal position. (Fig. 277.) 

2. Make a strip-shaped flap from the root of the nose straight 
towards the hair line, all tissues being severed to the bone. (Fig. 277.) 

3. With a small chisel cut through the external table along the 
course of the incision made in this strip-shaped flap. 

4. Take off this layer of external table, periosteum and skin and 
turn it downward into the newly-formed defect, bringing the upper- 
most margin of the strip-shaped flap below the lower margin of the 
defect and stitch it. This causes the skin surface to look into the nasal 
cavity white the raw bony surface is external. (Fig. 278.) 

5. Break the curv^ed bony bridge of this turned down flap so as to 
give a curve to the nose. 

6. Make a lateral frontal flap and turn it down in the usual man- 
ner by twisting a i)odicle covering the denuded bony surface. (Fig. 
277.) ^ 

7. Subsequent trimming of the pedicle at the root of the nose, 
with readjustment of the newly-formed irregularities at this point 
must follow, that is, excision of the skin between the root of the nose 
and the narrow flap. (Fig. 279.) 



PLASTIC SURGERY OF THE NOSE AND EAR. 






316 



OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 



Keegan'a Operation for Subtotal Loss of Nose, in Cases of Hacked 
Noses (Indian Method). 
1. Two flaps are formed from the remaining skin over the nasal 
bones, leaving their broad pedicles attached at the bony margins of the 
deformed nose. (Fig. 280.) 




Kccgau's opcmtioii for siiliti 
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2. These two flaps are dissected off and turned at the hinged ped- 
icles with their dermal surfaces towards the nasal cavity. They are 
sutured together and into the floor of the nose. (Fig. 281.) 

3. The denuded surface from the root of the nose to where the 
tip is to be formed is now covered with a frontal flap which is so con- 
structed as to bring the pedicle at one or the other inner angle of the 
eye, that is, an oblique flap. (Fig. 281.) 

4. Suture the above flap in place making a columella out of the 
remaining portion with aid of the frontal flap extension. 

5. Close the defect in the forehead as shown in Fig. 281, and 
cover any raw portions with skin graft of Thiersch or Wolfe. 

6. After about ten days, sever the pedicle and implant properly, 
reconstructing the skin over the root of the nose. 

Nelaton's Operation for Subtotal Loss of Nose. 

1. An incision in the form of an A is made, the apex of the A 
coming close to the hair line (Fig. 282) and continuing laterally to the 
nasal defects. 

2. By means of a fine saw the skin and underlying bone of the 
frontal nasal and superior maxilla are taken along in the shape of a 
triangular flap (Fig. 283), leaving the attachments at the alae. 

3. It is then bent into the shape of the tip of the nose point and 
folded so that the uppermost point of the flap comes in between the 
eyebrows. (Fig. 284.) 

4. Suture in this position. (Fig. 285.) 

5. Close forehead defect by sliding flaps. 

Von Langenbeck's Operation for Collapsed Nose; Making Supports, 
Especially When Soft Parts Are Wanting (Osteoplastic). 

1. An incision is made on the side of the nose from the nasal 
process of the frontal bone to the floor of nose. (Fig. 286.) 

2. Dissect the skin laterally so as to expose the apertura pyri- 
formis and the bones that are to be employed, namely, nasal bones and 
the nasal process of the superior maxilla. 

3. With a small saw or chisel cut from above downwards a small 
strip of bone on each side of the margin of the apertura in such a 
manner as to leave its lower attachment at the superior maxilla. (Fig. 
286.) 

4. Elevate these two pieces of bone outward and bring over them 
the previously dissected skin which is further sutured to these bone 
particles. (Fig. 286.) 
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Pig. 283. Fig. 2S5. 

Nilaton'a operation for Bublotal luss of nose. 



PLASTIC SURGERY OF THE NOSE AND EAR. 



319 



5. A similar procedure is practiced on the nasal bones, which 
are usually depressed. They are sawed or chiseled off from the nasal 
processes of the superior maxilla and elevated, leaving their attach- 
ment with the frontal bone as a sort of hinge. (Fig. 287.) 

6. Form a proper forehead flap and cover this newly-made bony 
support, and suture in the usual manner. 

Schimmelbusch's Operation for Total Loss of Nose. 

1. Cut out a rhomboidal-shaped flap from the forehead with the 
broad part above, measuring 2 to 3 cm. between the margins below and 
6 to 7 cm.. at its upper part. Its length should depend on the length of 
the nose to be covered. This incision includes the periosteum. 





x 



\ 



v-* 



Fig. 286. 



Fig. 287. 



Von Langenbeck^s operation for collapsed nose; making supports, 
especially when soft parts are wanting. 

2. By means of a broad chisel a thin plate of bone is taken away 
with this flap; in most instances it will be in several pieces, although 
endeavor should be made to keep the periosteum attached. (Fig. 288.) 

3. Turn this skin-bone flap down and in order to prevent these 
bone plates from falling off, a sort of lattice work of silk thread should 
be passed about this flap and covered with gauze to allow granulation 
to form. 

4. Cut out two curved skin flaps as shown in Fig. 288, to allow 
the sliding forward of the lateral skin flap for the closure of the frontal 
defect. 
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SohimmelbuRoii 'a operation for lolal loss of nose. 
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5. Continue incision up to the periosteum in a curvo-linear man- 
ner back of the ear and loosen the entire lateral flap. (Fig. 289.) 
This is done on both sides. 

6. Slide the two lateral flaps so as to make them meet in the 
center of the forehead and also join the skin where the two little flaps 
were removed. As a result there will be two small defects on the side 
of the head, wliich can be allowed to granulate and can be corrected 
subsequently. 

Fotir to Six Weeks Later. 

7. By means of a saw divide the bony portion of the nose to be 
formed, and shape it in the form of a trough. In the event that the 
pedicle is again adherent at the root of the nose, it should be thor- 
oughly loosened and the flap turned with its dermal surface outward. 
(Fig. 289.) 

8. To form the columella, dissect off from each side of the pyri- 
form aperture two skin flaps and unite them as shown in Fig. 289. 
This will leave their pedicle attachment at the usual insertion of the 
columella and their free end is to be attached to the newly-formed tip 
of the nose. 

Three Weeks Later. 

9. Freshen up the lateral portion of the defect, especially at the 
apertura pyriformis and dissect away the skin so as to lay bare the 
bony margins of the defect. The good result of this procedure de- 
pends upon this, since the implantation of the bony portion of the new 
nose on a raw and bony area makes a substantial support. Sutures 
through the bone are additional supports for good union. 

10. Pass a wire through the lower portion of the nose, trans- 
versely, and fix by two small rolls of gauze or small rubber tubing so 
that the wire does not cut in. The purpose of this wire is to insure a 
roof- like form to the bridge of the nose. (Fig. 290.) 

11. Sever the pedicles of the frontal flaps of the nose and place 
them into the defect where the two lateral flaps join in the middle of 
the forehead. (Fig. 290.) 

Schlmmelbusch's Operation for Saddle-back Nose. 

1. Prepare the frontal (skin-bone) flap in the same way as in the 
Schimmelbusch operation for total loss of nose, and make the lateral 
flap in the same manner, uniting the created defect newly-formed in 
similar manner. 

2. Turn the frontal flap directly down without twisting the ped- 
icle, that is, the skin downward and bone externally, cover the flap with 
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Fig. 292. Fig. 293. 

Schimmclbusch 's operntian for Raddle-bank nose. 
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the thread lattice work to prevent the dislodgement of the bone and 
wrap the whole flap in gauze to allow the bone to granulate. 

One Week Later. 

3. Make a vertical incision in the middle of the bridge of the nose 
and cut loose subcutaneously the lower part of the cartilaginous por- 
tion of the nose, so as to bring down the tip, making an opening into 
the nasal cavity with the nostrils looking downward. (Fig. 291.) 

4. Freshen up the bony apertura pyriformis and dissect the skin 
freely from the side of the nose. 

5. Saw and break the bony portion of the frontal flaps in such 
fashion as to give a roof -like appearance. (Fig. 291.) 

6. To insure healing, trim off the dermal layer of the frontal flap 
where it will come in contact with the tissues about the apertura pyri- 
formis. 

7. Place the frontal flap in position between the dissected lateral 
skin margins of the nose and firmly against the apertura pyriformis, 
where an anchor suture may be placed and brought out at the outer 
comer of the alae. (Fig. 292.) 

One Week Later. 

8. Sever the pedicle at the root of the nose in such a manner as 
to utilize as much of the turned over skin as possible to fit into the 
still remaining defect between the eyes, where the two lateral parietal 
flaps come together, and then suture. 

9. Freshen up the lateral skin margins of the nose and bring to- 
gether over the middle of the nose. (Fig. 293.) 

Sir Watson Cheyne's Operation (Indian Method). 

1. An incision is made in the median line of the nose over the 
cartilaginous portion. (Fig. 294.) 

2. Two transverse incisions are made at each end of the first in- 
cision, forming two lateral flaps when dissected, like an open door. 
(Fig. 294.) 

3. Dissect these lateral flaps and take along any fragments of 
nasal bones or periosteum that may be attached to them. (Fig. 295.) 

4. Sever the cartilage from the bony portion of the external nose 
and cut into the septum so as to pull down the point of the nose in the 
proper shape. 

5. Two vertical incisions are now made slightly above the root 
of the nose and about one-eighth of an inch from the median line, as 
far up as the line of the hair. A third transverse incision unites these 
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Pig. 296. Fig. 297. 

Sir \Vat»ii Cho>'ne'ij operation. (Indian method.) 
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two vertical ones at the hair line. These three incisions divide all the 
structures down to the bone. (Fig. 294.) 

6. Insert a narrow chisel along the margin of these three in- 
cisions and separate a portion of the external table of the frontal bono, 
leaving it attached to the periosteum and the remains of the flap. (Fig. 
295.) 

7. This whole flap is now turned downward so that the skin is 
looking into the nasal cavity while the outer surface comprises the 
denuded bones. 

8. Shave off the epidermis at the root of the nose as well as at 
the uppermost portion of this turned down flap so that these two may 
adhere at this point. 

9. Suture the lowest point of this turned down flap to the fresh- 
ened cartilaginous portion of the nose that was pulled down, thus 
closing the nasal defect. Care should be exercised at this point not to 
bend the upper pedicle too acutely and not to have any tension what- 
soever. If there be trouble of this sort, two little incisions may be 
made on the side of the nose from the base of this flap and the tension 
thereby relaxed. (Fig. 296.) 

10. Unite the defect on the forehead. 

11. The lateral flaps are now replaced and united over the raw 
bony surface of the forehead flap, also above and below. (Fig. 297.) 

Two or Three Weeks Later. 

12. The pedicle is cut, turned back to fill up the defect and any 
irregularity trimmed down and corrected; any granulating surface 
may be covered by skin graft. 

Von Hacker's Operation (Indian Method). 

1. Outline the usual flap from forehead with pedicle at the root of 
the nose. 

2. Dissect the skin on the three free margins of the flap to a 
point in the median line measuring 8 mm. in width and the full length 
of the flap; this portion is to form the subsequent bony support of the 
newly-formed nose. 

3. The dissected skin is now sutured temporarily in the median 
line by two or three interrupted sutures and a few small pins driven 
into the bone-periosteal flap (Fig. 298) in order to facilitate its dissec- 
tion. 

4. By means of a chisel this bone-periosteal skin flap is now 
severed up to the root of the nose, where the pedicle only consists of 
skin and periosteum, in order to be able to twist it easily. (Fig. 299.) 
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5. Break away the entire flap and rotate downward into the 
proper position, having previously prepared the defect for union by 
freshening up the margins and the remains of the septum with which 
the bony bridge is to come in contact. This bony strip is broken at 
the lower portion and a proper point of the nose is formed. It is 
sutured into the floor of the nose and a columella and alje are formed 
from the skin flap. Rubber tubes are inserted into nostrils to give 
shape to them. (Fig. 300.) 





Fig. 301. Fig. 302. 

Sedillot'B operation for total loss of nose. (Indian method.) 

Sedillot's Operation for Total Noss of Nose (Indian Method). 

1. Form a tongue-shaped flap from the upper lip, not going 
through the mucous membrane, placing the pedicle at the nasal floor. 
(Fig. 301.) 

2. Form a forehead flap, taking care to make a longer median 
flap for the formation of the columella. 

3. Freshen up the nasal defect. 

4. Bring down frontal flap and suture in laterally, and to form 
the columella suture central flap to the little flap from the lip in such 
a manner that there is skin surface externally as well as in the nose; in 
other words, one on top of the other. (Fig. 302.) 

IV. Doable Transplantation Method. 

A skin flap may first be made from the chest or abdomen and at- 
tached to a part of the hand or forearm, and after it has healed on and 
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good circulation has been established, it is severed, and then attached 
to the nose as in the Italian method. Or a toe from which the nail has 
been removed is implanted into the palm of the hand, and after it is 
thoroughly healed it is severed and made ready to use in constructing 
a fimi support for a nose. Bone which has heen removed from an am- 
putated leg and formed in the shape of a nose, implanted under the 
forearm below tlie periosteum of the ulna, is prepared in the form of 
a pedicle after it has united and remained viable and is then sutured 
into 11 nasal defect, as in the Italian method, A similar method is eni- 




Rteintlinl'M opprntion for total liisa of nose. (Double trniis.|>Inntation method.) 

ployed in imiihiiitiug jiiwcs of cartilage under the skin and periosteum 
of the fnrehciKl lid'oif making the frontal flap. 

Steinthal's Operation for Total Loss of Nose. 

1. ilake a tongue-sliaped flap from tlie sternal region with its 
pedicle towards the slernal notch, measuring .") cui. at its free end and 
3 cm. at the jjcdicle end, the length being about 12 cm. Tlie flap is com- 
posed of skin and pcriosleinn. Suture flic defect over sternum in part. 
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2. Make ail incision tliroiigh the skin of the forearm near the 
wrist and over the radius to aeeommodate the free end of the above 
flap. 

3. Suture in this free end of the flap for subsequent transplanta- 
tion. (Fig. 303.) 

4. Apply immobilizing plaster of Paris jacket. 
Twelve Days Later. 

5. Sever pedicle from sternum and leave it unattached to allow 
perfect circulation to be established in the flap for two or three days. 




Kausch's operatiou for i^uUapst'd 




(Double transplantBlion mctliod.) 



6. Freshen up the surface at the nasal defect. 

7. Suture free end of flap situated on the forearm to this pre- 
pared surface about the nasal defect. (Fig. 304.) 

8. Apply again a retention plaster of Paris jacket for about one 
week or ten days. 

9. Sever the flap from the forearm and suture in about the re- 
maining nasal defect to form a properly shaped nose, including 
columella and alar skin lining. 

Kausch's Operation for Collapsed Nose. 

1. Eemove the nail of the fourth toe of the same side as the hand 
that is to be employed. A portion of the skin from the tip of the toe is 
turned back to obtain a good raw surface. 
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2. Make an incision in tho thenar eminence of the pabn of the 
hand of a proper size to accommodate the tip of the toe. 

3. Bring hand and to(» together approximating the tip of toe to 
the incision and suture well on all sides of the skin. 

4. Place a retaining device either of plaster of Paris or leather 
to keep the parts immobile. 

Two Weeks Later. 

5. Sever the toe at the metatarsophalangeal joint, leaving it at- 
tached to the hand. (Fig. 303.) Close defect in the foot. 

Tivo Days Later. 

6. Freshen up the bony surface at the floor of the nose and the 
skin on the side of the nasal defect. 

7. Bring hand in proximity to nose and suture the free end of 
the transplanted toe, which has also been freshened on, into the bone 
exposed at the prepared nasal defect. (Fig. 306.) 

8. Eetain by plaster of Paris bandage as in the Italian method. 

Two Weeks Later. 

9. Sever the attachment of the toe to the palm of the hand and 
close this temporary defect. 

10. Remove the skin from transplanted toe from the part that 
is to come in contact with the subcutaneous tissue of the ridge of the 
nose. If the mass of bone is too large one may bite out a portion and 
also shape it in the form of a columella and ridge, giving the nose a 
proper shaped point. Suture the distal end towards the root of the 
nose. 

11. Subsequent smaller corrections of making proper shaped 
nostrils, etc., should be done not before two weeks, when the circula- 
tion is well established. 

V. Finger Method. 

In cases where a greater part of the bony portion of the external 
nose is absent and most of the soft parts, the employment of the finger, 
sacrificing this member for the formation of a nose, has been followed 
by good results. The cases especially suitable for this operation are 
those in which the greater part of the ala3 and probably the skin por- 
tion of th(» tip of tile nose are still i)r(»sent, evc^n Diough this latter por- 
tion be markedly drawn in and adherent. 

Watt's Operation for Subtotal Loss of Nose. 

1. S(*v(M* th(» eoluniella at its attachni(»nt to th(» ui)per lip. 
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2. Take the left little finger and remove its nail and matrix, also 
the skin from its tip anteriorly. 

3. Pass this finger through remnant of tip of nose and fix at the 
root of the nose close to the frontal bone by means of silver wire, an 
area having been prepared in this region. (Pig. 307.) 

4. Apply a plaster cast to hold parts immobilized in place. 
Two Weeks Later. 

5. Amputate finger at metacarpophalangeal joint and close de- 
fect in hand. 

A Few Days Later. 

6. Trim down the free end of the finger so as to make it narrow 
enough to obtain two separate nostrils. 




Fig. 307. 
Wiitl 's opcrntion for siilif otiii losa of nose. 

7. Push this end of the finger into the nasal cavity and fix by 
another suture. 

8. Suture back the previously severed columella to the lip by 
refreshing thoir surface. 

One Week Later. 

9. Remove skin from dorsum of the now hcaled-in finger at the 
nasal defect. 

10. A fiap from the forearm is made and sutured in above the 
defect, fixed again by plaster jacket and treated as in any Italian 
method. 
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Wolkowitsch's Operation for Total Loss of Nose (Finger Method). 

T. Take the fourth finger of the left hand. 

2. Make a median incision over the dorsal surface of the same 
from the metacarpophalangeal joint to the nail, through the skin and 
subcutaneous tissue. 

3. Dissect loose to either side freely. 

4. Eemove the nail and be sure of the removal of all of its matrix. 
Tendon must not be disturbed. (Fig. 308.) 

5. Remove the skin from the tip of the finger in front for its 
attachment at the root of the nose. 

6. Split the skin and underlying tissues through to the bone in 
the median line at the root of the nose, and separate freely to either 
side, including the margins of the remaining apertura pyriformis. 

7. In the bony structures at the root of the nose make a dent by 
means of a gouge, into which the tip of the finger will fit so as not to 
make a perceptible hump at this point. (Fig. 309.) 

8. Bring the finger to the prepared area of the nose and tuck its 
skin flaps below the dissected lateral flap about the apertura pyri- 
formis, the tip of the finger being fitted into the depression at the root. 

9. Fasten the finger at the root by sutures, as in Fig. 310, and 
stitch the skin flaps of the finger, which are tucked under the dissected 
skin of the nose defect, with two mattress sutures on each side. 

10. Close the median incision at the root of the nose as far down 
over the finger as possible. 

11. Place a quantity of marly (Scotch gauze) below tlie finger to 
liold it up in the shape of a nose and place a dressing over the surface. 
Then apply a fixation bandage as in any Italian operation. 

Nine Days Later. 

12. Remove the stitches and extend the incision over the dorsum 
of the hand so as to expose the entire metacarpophalangeal joint for 
excision. 

13. Dissect the skin laterallv and incise it on either side of the 
finger, but do not sever in front at this time. 

14. During the next five days in two separate sittings the skin 
pedicle is severed and the metacarpophalangeal joint disarticulated. 

15. Cover the defect on the hand as in a regular disarticulation 
operation by the remaining skin anteriorly. 

16. Bend and shape the now attached finger in the form of a nose, 
place some more marly below it and allow it to remain for three more 
days for firmer attachment. (Fig. 311.) 

17. Bend sharply between the first and second phalangeal joints 
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Fig. 312. 

Von Esmarch's operation for collapsed nose or absence of the pre- 
maxilla or an anterior perforation of hard palate. 





Fig. 313. 



Fig. 314. 



Clavicle method. (Gustav Mandry.) 
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to such a degree that the first phalanx may be pushed into the nasal 
cavity. 

18. Prepare the floor of the nose and if there is a portion of sep- 
tum remaining, remove all the mucous membrane and expose its bony 
surface. 

19. Remove all the skin and granulations from that end of the 
finger that has been disarticulated and push it into the nose against 
the raw surfaces prepared at the floor. 

20. Dissect now the lateral margins of the apertura pyriformis 
low down to where the alae are to be formed, and tuck under the 
remaining portions of the skin flap of the finger, which are again 
attached by one mattress suture on each side. 

21. Cover the entire denuded surface of this bony reconstructed 
framework with a Krause flap or with any flap either from the fore- 
head or arm. Further slight corrections, as formation of nostrils and 
cover for columella, are subsequently performed. 

Von Esmarch's Operation for Collapsed Nose and When There Is Also 
Absence of the FremaxiUa or an Anterior Perforation of Hard 
Palate. 

1. Remove the nail of the little finger of the left hand and freshen 
up the tip anteriorly. 

2. Freshen up the surface on the inner side of the tip of the 
nose and what is still existing on the floor of the nose anteriorly. If 
nose is retracted, it should be freely dissected and made movable. 

3. Fasten the finger with wire to the bone of the superior maxilla 
about the defect and stitch to the soft part of the nasal tip. (Fig. 312.) 

4. Apply a plaster jacket. 

TiLo Weeks Later. 

5. Disarticulate, usually at the junction of the second and first 
phalangeal joint. 

Two or Three Days Later. 

6. Freshen up the margins of the perforation or defect at the 
roof of the mouth and suture in the properly prepared stump of the 
finger. 

VI. Clavicle Method (Gustav Mandry). 

1. Form a flap over the region of the clavicle, consisting of skin 
and subcutaneous connective tissue and of the periosteum and bone 
of the clavicle. The broad pedicle is situated over the shoulder and 
the free end at the sternoclavicular articulation. (Fig. 313.) 



336 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

2. Dissect this skin flap up to the upper and lower margins of 
the clavicle, leaving it here attached to the bone. 

3. Chisel or saw out a sliver of the clavicle measuring 4.5 cm. 
long by 0.5 cm. wide (indicated by a-a^-b-b^ — Fig. 313) near the sterno- 
clavicular articulation wdthout detaching the skin and periosteum. 

4. In the free end of this sliver twi) small holes are bored for 
subsequent anchorage to the nose. 

5. In the middle of this large flap, right over the clavicle, a flap 
of skin and subcutaneous tissue is made in the form of a window, 
directing the pedicle towards the sternoclavicular articulation, in order 
to turn it on the under surface of the bone sliver, in that way assuring 
its nourishment from both sides, besides subsequently forming a dermal 
lining for the interior of the nose. This central flap is turned 180 
degrees and made to come beyond the terminal end of the bone sliver, 
where it is fastened with the skin above, thus surrounding this bone. 

6. Close this newly-fonned central buttonhole in the large flap 
by a few internii)ted sutures. (Fig. 314.) 

7. Allow this whole flap to rest over its dissected area where it 
will attach itself temi)orarily, getting additional nourishment for its 
sustenance. 

Four Days Later. 

8. Separate this whole pedicle, including the double skin covered 
bone sliver, and liberate it more freely by commencing the outside 
incision over the shoulder and back, thus giving a greater motion to 
the flap for its adaptation to the nose region. 

9. Freshen up the nasal area, making a pocket at the root of 
the nose in which the clavicular bone sliver will be slipped. 

10. Expose this bone sliver and place two strong sutures through 
the holes which have been previously drilled. 

11. Turn the head towards the shoulder where the flap is formed, 
and bend it slightly downward so that the flap can be brouglit in close 
approximation with the nose without any tension. 

12. Bring the two strong sutures through periosteum and skin at 
the root of the nose and tie over a pad of gauze, fixing the bone sliver 
in the newly-formed pocket. 

l.'{. Ai)plv a few additional sutures at the top and side of the nose. 
(Fig. 314.) 

14. Fix the head in the tw^isted flexed position in a plaster cast, 
as in the Italian operation, and i)rovide proper windows in the cast 
for feeding and for dressing of the wound. 
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One Week Later. 

15. Sever the bridge pedicle at the place where it is decided that 
proper skin flaps may be made to complete the ate, columella, etc. 

16. Dissect off the epidermis laterally from the flap and freshen 
up the margins of the apertura pyriformis so as to obtain proper union. 

17. Expose the end of the transplanted bone sliver and eventu^ 
ally fracture it so as to make a tip of the nose. 

18. Freshen up an area of the bone at the floor of the nose just 
in front and suture in this free end of the bone sliver. 

19. Cover this by the newly-formed columella. 

20. Turn in the redunant skin flap at the alar region to line the 
newly-formed nostrils and put in two small rubber tubes. 

21. Eeadjust the shoulder flap and cover the newly-formed bone 
defect wdth it as nearly as possible; what remains may be covered 
with skin graft or allowed to granulate. 

22. Subsequent correction on the nose may be necessary. 

VII. Implantation Method. 

Aside from the very popular and successful method of injecting 
paraffin, many varieties of implantation operations were formerly per- 
formed for the correction of defects or malfonnations. Gold, German 
silver, filigree wire, hard rubber, etc., have been generally abandoned 
for newer and better methods, inasmuch as these foreign bodies very 
frequently, after healing in beautifully, became the seat of irritation 
which necessitated their removal. The implantation of a sliver of the 
anterior border of the tibia was successful in one case of the author's-, 
in another it became necrotic and removal was required. Senn em- 
ployed decalcified bone chips in some cases of saddleback nose. Ee- 
cently the author removed a septum by submucous resection, allowing 
one layer of perichondrium to be attached and placed it in a dissected 
pocket of a saddleback nose of another j^atient. This healed in very 
beautifully and resulted in success. 

In another case three different implantations were made into col- 
lapsed alffi which healed in, but appeared to have become absorbed. 

Another method advocated recently is to implant a mass of fat 
from a patient upon whom a laparotomy is performed, into a dis- 
sected pocket of a saddleback nose. The author has tried this method 
in one case and it appears that the fat tissue remains alive. The one 
difficulty is that the nose looks very large for a time as a great amount 
of fat is used to fill up the defect, in order to anticipate the absorption 
or shrinkage of the mass. 
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The employment of a sliver of bone from the anterior border of 
the tibia or a part of a rib is a method that has many advocates, 

Israel'a Operation for Saddle-back Nose. 

1. Make an external incision 2 cm. long over the saddle and 
dissect to all sides subcutanoously, until by pulling on the tip of nose 
the appearance is iionnal. Close this oxtonial incLsion. 

2. A piece of bone 3 em. long from anterior border of tibia is 
chiseled ot¥ and formed into sharp points on either end. 

3. From the interior of the nose the previously dissected tunnel 
is found by means of a dissection and the sliver of bone is introduced 
in this direction, the upper end of the bone fragment coming in contact 




with thi' nasal lioncs, tlic lower at the tip iK'twcen thf external skin 
and the lining of tlie vestibule. (Fig. 315.) 

Goodale's Operation for Depressed Nose. (Fig. 316.) 
Modified by Watson-Williams. 

1. The mucoperichondrium is dissected over the entire cartilag- 
inous area on Ijotli sides and pushed up and back. 

2. Loosen up the tissue below tlie depression intranasally. 

3. Cut out a Hap of cartilage with its loosely adherent pedicle 
towunls the depression. (Fig. .'il7.) 

4. Slide this cartilage flap Ix-low the depression and bring down 
the mucoperii'liondriuni into its original position. (Fig. 31S.) 
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Pig. 318. Fig. 31!). 

Ooodak'a operation for depresspd nosp. 
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5. Hold by transfixing gold-plated pins for three weeks. 
The writer suggests silk worm gut suture tied over rubber tubing 
or gauze. (Fig. 319.) 

Ouston's Operation for Depressed Nose Below the Bridge. 

1. Separate the cartilaginous portion of the depressed nose sub- 
eutaneously from the nasal bones and nasal process of superior maxilla 

inmaamjiaimitt. 




Fig. 020. 




Fig. 321. 
Oiiston 's operation for depressod nose l><»low the l»ridj;e. 

on either side; also sever the cartilaginous septum, the incision being 
made latterly lengtliwise. 

2. Transfix all these cartilaginous structures with one of Ouston's 
needles (Fig. 320), just below the nasal bones. 

3. Pass another needle through the nasal bones which serve to 
support and lift the loosened cartilaginous portion of the nose. 

4. Wind a thread or gauze in the form of a figure eight (8) 
from the upper to the lower needle while the loosoned cartilaginous 
portion of the nose is held up. (Fig. 321.) 
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Carter's Operation for Saddle-back Nose. 

1. By means of a large curved needle, which is threaded with 
No. 14 silk, one of the hard rubber splints is anchored. (Fig. 322.) 

2. Pass the needle from within outward at the junction of the 
cartilage and nasal bone, just at the middle of the dorsum. (Fig. 323.) 

3. Repeat the first step on the other side of the nose. (Fig. 323.) 

4. Apply the metal (Carter's) bridge and set it by means of 
the thumb screw so that it fits firmly at the base of the nose. (Fig. 324.) 
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5. Draw firmly upward on the two threads so as to raise the 
flat or depressed nose and tie them over the hinge of the bridge. 
(Fig. 324.) 

If the tissues are fixed or if it is impossible to lift the nose by 
the tlireads, it may be necessary to loosen the nasal bones from the 
nasal process of the superior maxilla by means of chisels and forceps 
and then by fracturing. The septum of the nose may at times be so 
short as to necessitate incision. This treatment is best carried out 
with the patient in the recumbent position, but by employing adhesive 





F\<^. ,i2r>. 



Fig. ;)20. 

Carter's o]KTatioii for s.n(l(llt»-l»JU'k n(>so. 

plaster the bridge may be fastened to the forehead and then tlie patient 
may be allowed to walk or sit up. This bridge is allowed to remain in 
position from ten days to two weeks. Ch^ansing the interior of the nose 
with Dobell spray is advised. 



Carter's Operation for Saddle-back Nose (No. 2). 

1. Make a curvilinear incision to the periosteum from one eye- 
brow to the other, with convexity of the incision downward. (Fig. 325.) 

2. Lift the skin flap and make transverse incision through the 
periosteum into the bone. 

3. Elevate the i)eriosteum upwards for three-eighths of an inch. 
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4. Elevate the skin and subcutaneous tissue over the dorsum of 
the nose and side of the cheeks as far as the deformity exists. 

5. Remove a strip of the ninth rib, with periosteum, about two 
inches long and split it transversely so as to shape it to correct the 
deformity. 

6. Scrape the cancellous tissue off the bone. 

7. Without removing the blood from the prepared pocket, insert 
the bone graft as far down the tip of the nose as necessary and place the 
upper end well under the periosteal flap. (Fig. 326.) 

8. Close the skin flap with horse hair sutures. 

9. Apply collodion dressing. 

Beck's Method for Saddle-back Nose. 

1. Lift up tip of the nose and make a small semicircular incision 
in the anterolateral portion of the vestibule at the mucocutaneous junc- 
tion of the cartilage and bone. 

2. With Mayo's scissors dissect over the hump as in Fig. 326. 
With the same scissors engage and sever the hump which is usually 
made up of cartilage. 

3. Employ a portion of the rib, the anterior surface of the tibia, 
or a portion of the septal ridge, from the patient himself or from an- 
other patient who has just been operated on for submucous resection. 
The size of the bone splinter should correspond to the size and shape 
of the deformity to be corrected. 

4. The blood expressed from the cavity is mopped away and 
an adhesive plaster is drawn tightly over the bridge of the nose with no 
dressing between it and the skin. 

5. One silk stitch closes the wound. 

Walshaus' Operation for Collapsed Alse. 

1. Make a flap of the mucous membrane of the most anterior 
portion of septum, one-eighth of an inch wide and one-half of an inch 
long, leaving the pedicle at the dorsum of the nose. (Fig. 327.) 

2. Roll up this mucous membrane flap and fasten in the upper 
angle of the nostril. (Fig. 327.) 

3. Repeat the same on the opposite nostril. 

Lambert Lack's Operation for Collapsed Alse. 

1. Remove a strip of mucous membrane from the right side of 
the most anterior portion of the septum, measuring about one-eighth 
inch wide and one-half inch long. 

2. Cut through the cartilage and mucous membrane into the left 
nostril corresponding to the defect, leaving, however, the flap intact 
at its hinge pedicle at the dorsum of nose. 
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3. Denude the siirface of its mucous membrane where the septum 
and lateral cartilage of ala come together; also of the dermal layer of 
ihe inner side of the ala. 

4. Turn the cartilage mucous membrane flap up in the right nos- 
tril placing the two denuded surfaces together. 

5. Make a similar flap back of this one, only reversing the denu- 
dation on the septum. 

6. Turn tliis flap into the left side and fix to a similarly denuded 
surface of the ala, only further back. (Fig. 328.) 




Paraffin Injections in Nose and Ear Deformities. 

The history of this means of correcting nose and ear deformities 
dates back to 1900, when Gersuny corrected a saddle-back nose by the 
use of molted vasclin, injecting it below the skin. Eckstein in 1901 
employed liard paraffin which has a melting point of 140° F. for similar 
defects, and claimed for it superiority in that there was less chance for 
pulmonaiy emliolism. This method was very warmly received and 
employed by Broeekaert, Brindcl, Karenski, Lake, and others abroad 
and by Harmon Smitli, Kolle, Quinlin ami others in the United States. 

The princiiial indication fur iiaraffin injection is deficiency of tis- 
sue about tlie nose or ears, since excessive growth or ab,sence of tissues 
of the external nose and ears are not within tlie limits of this metliod of 
treatment. Frequently there are post-traumatic or inflaintnatorj' con- 
ditions al)Out the nose wliicli leave scars and adhesions that will pre- 
vent proper injection of paraffin. In such cases, preliminary dissec- 
tion or loosening of these scars may be necessary. The introduction 
of a small (piantity of paraffin after such dissection to keep the skin 
from readhoring is good practice. Subsequently one may complete the 
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injection in one or more sittings. No anesthetic is required except in 
young individuals who would not remain quiet during the injection. 

Many untoward results have been reported from the use of paraffin 
injection and according to Connell, who has gathered them from the 
literature, they may be grouped as follows: 

1. Toxic absorption or intoxication. — This condition is most 
probably due to the impurities in the paraffin and not to the chemical 
absorption and reaction of the paraffin itself. Too large a quantity, 
about 1/10 of the body weight, would have to be injected before any 
toxic symptoms would be observed, according to Jukuff. 

2. Inflammatory reaction when the proper technic has not been 
cari'ied out, in injecting too large a quantity of paraffin at one time, 
or if the material contains any impurities. 

3. Loss of tissue due to infection and secondary abscess forma- 
tion has been observed to follow these injections when the usual asep- 
tic precautions which are expected to be carried out in any surgical 
operation have not been obsen-ed. Instruments, the field of operation, 
and the material itself must all be sterile. The skin offers the great- 
est difficulty, since there are constantly nuiny varieties of microorgan- 
isms about the nose, ala^ and vestibule, which are located in and incor- 
porated with the sebum in the glands, and are very hard to eradicate. 
However, since tincture of iodin has been employed before operation 
for painting tlie area even without i)reviously using any soap or water, 
there is less chance for infection after these injections. 

4. Pressure necrosis will invariably follow when the paraffin is 
injected into the skin proper rather than subcutaneously. It will also 
follow when too great a quantity is injected at one time l)y shutting off 
the blood supply, with a greater chance for secondary infection. Again, 
it is essential to be most careful if there exists some constitutional dis- 
turbance or local devitalization of the tissues, such as results from scar 
tissue. Firmly bound down skin must always be first liberated before 
the injection of paraffin. 

5. Sloughing has been reported, especially when the paraffin was 
injected while very hot. The author agrees with many operators that 
this is very unlikely, because by the time the paraffin is injected into 
the tissue it h is cooled off to a degree approximating the body tempera- 
ture. Since the hard paraffins (Eckstein 140**) are now employed, 
complication from this cause seldom occurs. Sloughing, however, docs 
occur when the injection is made into the wrong place, as into the 
skin especially where it is firmly bound down naturally or by scars. 
This complication may be avoided by first making a subcutaneous in- 
jection of sterile or normal salt solution or by the subcutaneous dissec- 
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tion and an injection of three-fourths vaselin and one-fourth paraffin 
so as to prevent readherence of the dissected surface. An incision 
should be made and plates of paraffin or Cargile membrane introduced. 
Then injections are made small in quantity until the deformity is cor- 
rected. It is well to observe the general condition of the patient and 
in syphilitic cases a Wassermann reaction should always i)recede the 
injections to be sure that the blood is in good condition, even when the 
patient shows no active symptoms. 

6. Subinjection or the injection of an insufficient quantity can 
scarcely be classed as an untoward result; it is only necessary to inject 
again. If subinjections were common, less disagreeable re«ults would 
be reported. 

7. Hyperinjection or the injection of too great an amount occa- 
sions the most disagreeable results met with in this procedure. This 
is especially true when this mass undergoes early organization. Under 
these circumstances its removal by surgical measures is required, since 
the various solvents, as ether, xylol, benzine, chloroform and heat have 
very little eflFect. Electrolysis, the negative pole being introduced into 
the mass, has been suggested as beneficial, but the author has found 
it of no value in a case of paraffinoma so-called, in which he employed 
this method. Instead of making external incisions the vestibule may 
be opened. It is well to remove the excess of paraffin just as soon 
as i^ossible before organization has taken place. 

8. Air embolism may occur, especially when cold ]:)araffin is em- 
ployed. In filling the syringe, the needle is as a rule obstructed and an 
air chamber remains between it and the paraffin taken from the glass 
tube. This should be avoided by completely emptying the syringe and 
needle before refilling and then forcing out fresh paraffin through the 
end of the syringe. If a small air bubble gets in below the skin it will 
do very little harm. 

9. Paraffin embolism is of a more serious nature. In fact, it must 
be named as the most dangerous accident in connection with paraffin 
injections. There are several reports of death from this cause and 
many grave symptoms, as blindness, i)neumonia and cerebral embol- 
ism, have been recorded. If tlie needle is introduced below the skin 
separately from the syringe and no blood allowed to escape then the 
muncdiate danger of embolism following the fragmentation of the 
l^araffin is obviated. It is thought that these small particles getting 
into the circulation cause the trouble, but the explanation is more the- 
oretic than real. After eight years of personal experience with paraffin 
in various methods and locations in a goodly number of cases, the 
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author cannot report a single instance or even a symptom referable to 
paraffin embolism. 

10. Primary diffusion or extension of paraffin will occur espe- 
cially after injecting for the correction of a saddle-back nose, when 
the needle point is allowed to go beyond the limits or after injecting a 
larger amount than one should, and especially when using liquid (hot) 
paraffin or vaselin. The loose areolar tissues of the lower lid, cheeks 
and eyebrows are the principal location for diffusion of the paraffin. 
By having the assistant hold his fingers firmly down on the bony struc- 
ture over the root of the nose, as well as at its side, a great deal of this 
danger will be avoided. Semi-solid or cold paraffin practically makes 
this accident impossible. The author takes a piece of dental modeling 
compound and while warm and soft, molds it to fit the above named 
margins at which the assistant holds his fingers. This insures abso- 
lutely the retention of the paraffin within the limits of this mold, which 
when it cools becomes very hard. 

11. Interference with the action of the muscle of the alee or wings 
of the nose. — This is most likely to happen when a very low deformity 
of the nose is to be corrected. The author has found that the opposing 
muscles of the constrictors of the ate cannot act and the patient then 
complains of nasal obstruction like that due to paralysis of the dilating 
or lifting muscle of the wings of the nose. In order to prevent the 
paraffin from coming down too far a finger should be inserted into 
the nostril during the injection and the tip of the nose raised upward 
and outward, if a lateral injection is made. 

12. Escape of paraffin after injection can be avoided by thor- 
oughly molding the mass into the desired shape, although this should 
be done even while the needle is still within the tissues so as not to 
get the mass into one place. The needle should be moved about, almost 
withdrawn, and reintroduced, since the paraffiui often sticks to the 
needle. The needle should be withdrawn only after no more paraffin 
whatever is escaping from it. It escapes usually for a few moments 
even after the turning of the piston ceases on account of the pressure 
within the syringe. A fine blunt pointed probe should be passed 
througli the opening of the skin so as to be sure that no paraffin is left 
in the skin puncture. A drop of collodion will further close the punc- 
ture and prevent the escape of any paraffin. Nasal motion or manipu- 
lation should be prevented. If liquid paraffin is employed under such 
circumstances cold applications for a few moments are advisable. 

13. Solidification of the paraffin in the syringe, or more fre- 
quently within the needle, is a condition that complicates the technic 
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very much, especially when paraffin of high melting point is used. The 
injection must be accomplished quickly, frequently ni?cessitating the 
heating of the needle over a flame just before introduction — a process 
which may be injurious to the skin. Again the sudden expulsion of the 
liquid i)araffin into the tissues may cause it to pass into undesirable 
locations or too much paraffin may be injected at one time, causing all 
the complications of hyperinjections. The fact that semi-solid par- 
affins in the cold state are mainly employed now, makes this occurrence 
rare. It appears to the author that wiien the same syringe that is em- 
ployed for the semi-solid paraffin is used, however, with a very short 
and conical needle, the solidification of the paraffin is obviated. By 
rapidly screwing the piston down, the injection can be more readily 
controlled. 

14. Absorption and disintegration of the paraffin injected are of 
considerable interest and importance. Some authors believe that the 
injected mass becomes encapsulated by a fibrous capsule like a foreign 
body, while many others with histologically examined tissue as proof, 
believe that the mass is first surrounded wdth a connective tissue wall, 
and that fibrous bands traverse the mass and subdivide it. The par- 
affin finallv becomes absorbed and all that is left is a new connective 
tissue mass of cartilage-like consistency to the touch. The ultimate 
absorption of the paraffin does not seem to have any effect on the gen- 
eral condition of the individual. The time required for the paraffin to 
become absorbed varies according to the kind of paraffin injected, the 
amount and location of the injection, and differs even in different indi- 
viduals. Some authors have found that after one month a good-sized 
mass was entirely replaced by connective tissue, while others have 
foimd paraffin as late as four months after injection. The harder the 
paraffin the longer will it remain and the less will it be traversed by 
connective tissue. In loose connective tissue areas absorption will be 
more rapid than in closely bound down areas. Small quantities in- 
jected at a time will be absorbed more rapidly than larger. It is of in- 
terest to note the action of the newly-formed connective tissue as to 
absorption and contraction on taking on neoplastic manifestations. 

15. Difficultirs as to the proper rndtiufj point of the paraffin. 

In this regard widely different opinions are expressed. However, the 
great number of operators believe that paraffins of lower degrees, 
melting point from 97° to llij"" F., are the best for the purpose. The 
author believes that the formula reconnnended bv Kolle: 

I*nialliii (plate sterile; 3ii 

\'nseliii (white sterile) 3ii 
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is the best to employ. Glass tubes may be prepared sterile in advance 
and in tliese the paraffin may be resteriliz^d, tube and all, just before 
the injection, by washing with bichlorid and alcohol. The injections 
should be made with this semi-solid paraffin in a cold state because the 
complications and unpleasant results may thus be avoided. 

16. Hypersensitweness of the skin j)lays a very small role in the 
objections or difficulties met with in the use of paraffin injections. 
Usually for a short time only, twenty-four to forty-eight hours after 
the injection is made, is there any complaint of pain. More often 
patients comi)lain of a sense of distension or of a drawn feeling. Late 
symptoms rarely develop if cold paraffin is used in small amounts at 
a time and if some little time intervenes between the injections. Har- 
mon Smith reports a sense of numbness following the injection and 
other authors have reported subsequent neuralgic pains from the 
sensory nerve filaments caught in the newly-formed connective tissue 
mass after tlie paraffin has become absorbed. If infections of the skin 
or subcutaneous tissue should take place following the injection, there 
may be some tenderness or hypersensitiveness of the area injected. 

17. Redness of the skin is a pretty constant result of paraffin in- 
jections. It varies a great deal in degree, there being in some cases 
only a flush, while in others a very deep red cOlor follows. Again it 
may simulate a grave acne rosacea, with distinct new blood vessel 
(capillary) formation. It may also appear at different times follow- 
ing the injection. Sometimes immediately after the injection has been 
made, especially if hot liquid paraffin is employed, the nose becomes 
very red and it may continue so for a long time. Again, the redness 
and capillary formation may not occur until months later. This ap- 
pears to be due to hyporinjoctions, especially of hot material. 

Redness is unquestionably due to pressure, on the venules such as 
one would obtain in Bier's hyperemia, and possibly to an active 
hyperemia, nature's part to assist in absorbing the foreign body, 
paraffin. Again, late appearance of the redness is very likely due to 
cicatricial subcutaneous contractions from the new substitute connec- 
tive tissue mass. Whether the chemical action of the hvdrocarbons has 
anything to do with the redness of the skin has not yet been determined. 
The early evidence of redness may be relieved by ice cold applications, 
moist dressings of acetate of aluminum, ichthyol salve, ten per cent 
extract of ergotol, belladonna, and adrenalin internally. In later stages 
the same treatment plus the eventual severance of newly-formed blood 
vessels, puncturing of the skin very superficially, and electrolysis have 
all been suggested. Early cases when very stormy and red, may call 
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for removal of some of the injected mass and older cases after all has 
been done, may require the dissection of some of the newly substituted 
mass of connective tissue. The author has found that a certain amount 
of redness follows these injections, but that it never lasts very long 
and eventually disappears. 

18. Secondary diffusion of the injected paraffin has occurred a 
number of times, especially into the loose tissues of the eyelids. The 
difficulty lies in the fact that the paraffin is injected in areas tightly 
bound down, as the root of the nose, and finding a lack of resistance at 
this place it migrates into the looser areas. In all such cases the use 
of cold paraffin in small quantities will avoid this difficulty; when once 
diffusion or migration has taken place, excision is about all tliat can 
be done. 

19. Hyperplasia of the connective tissue following the organiza- 
tion of the injected matter has been observed a number of times, and 
the author had a very pronounced case come under his observation, 
which is here illustrated (see Fig. 329). The specific cause of such new 
formation of connective tissue in this extensive form is not known, and 
most authors believe it to be due to a special predisposition on the part 
of the individual, such as is found in the tendency to develop keloids. 
When such a disfiguring condition develops there is only one procedure 
admissible — the complete excision of the fibrous mass. If there should 
be a recurrence, a second operation must be performed. 

20. Yellow appearance and thickening of the skin after these in- 
jections are observed in rare instances, and they are among the most 
difficult conditions to deal with satisfactorily. The cause is supposed 
to be the use of hard paraffin injected too close to the dermal layer in 
regions where there is not enough loose underlying tissue. The elec- 
trolytic treatment, by making a number of punctures at repeated sit- 
tings, is advised. This will bleach the area by secondary scar forma- 
tion and contraction. In case the result from such treatment is not 
satisfactory, it may be necessary to excise the jjigmented portions. 

21. Break'my down of tissue and resultant abscesses due to the 
pressure of the injected mass upon the adjacent tissue after the injec- 
tion has become organized have been observed generally in cases fol- 
lowing trauma. Abscess formation has been observed without this 
cause, and may be due to the increased pressure on the blood vessels, 
causing their obliteration and the breaking down of the tissues. The 
treatment consists in making a small incision and draining the accumu- 
lated purulent material. When all reaction symptoms disappear the 
parts are again injected. 
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Technic of Paraffin Injections.— /n^tfuments. — About all that is 
required is a syringe which is strong and not too heavy, with a screw or 
rateliet arrangement for expressing the paraffin slowly, but which can 
also be made to expel its contents in heated liquid form in a continuous 
flow. There are many varieties on the market, and those of Harmon 
Smith, Broeckaert, Eckstein, KoUe, Onodi, Walker Dowman and the 
author's are all satisfactory. The only difficulty with most of them is 
that they are arranged only for the use of semi-solid paraffin ex- 
pressed by the screw method, or for the liquefied hot paraffin in a 
continuous flow. The author's syringe (Fig. 330) is so constructed that 
it may be adapted for either variety of paraffin. For the main ideas 
in the construction of this instrument, the author is indebted to V. 
Mueller, instrument maker, Chicago. 

The great advantage which the instrument of Broeckaert has over 




Fig. 330. 
Beck's paraffin aj'ringc. 



others is that it can be managed by the operator with one hand while 
the other can be used to prevent the paraffin from escaping into the 
loose tissues. Moreover, when one is injecting intranasally the other 
hand is free to dilate the nostril. 

Various shaped needles will suggest themselves for use in differ- 
ent special localities. In injections about the nose a needle with too 
large a caliber should be avoided, since the opening will prevent heal- 
ing ; in fact, there is greater liability to infection. Again, the bleeding 
is greater from the skin, although it is never of auy great consequence 

Material. — Paraffin which has a melting point of 110° F,, with the 
following formula; sterile plate paraffin, 15, sterile white vaselin, 120, 
is made up and filled into glass tubes, open at both ends and having an 
inner diameter exactly equal to that of the tube in the syringe (0.5 
cm.). The ends are corked, and the cork-stopper is coated with a layer 
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of paraffin. These tubes are always ready for refilling the syringe, and 
all that is necessary is to wash them in bichlorid and alcohol before 
using. 

Filling the Syrinr/c {while the needle is attached). — Turn the ring 
bar so that it can be slipped down, thus releasing the piston screw. 
Pull out the handle of the syringe, so that the paraffin chamber is 
opened. Then imcorking both ends of a prepared tube and holding one 
end right over the paraffin chamber of the syringe, the paraffin is 
pushed into it by means of the metal rod. It should be noted that the 
end where the needle is to be attached is to be free from paraffin; other- 
wise the air thus included will prevent the paraffin from filling the en- 
tire chamber of the syringe, and on injecting, some air will enter the 
tissues. This may not do any harm, but may elevate the tissues and 
deceive the operator as to the amount of paraffin injected. 

If hot liquid ])araffin is to be employed, then the ring bar is left 
down and the paraffin is drawn up through the needle. Instead of this 
procedure, the syringe may be filled first and the needle attached after- 
wards. The syringe should be kept in very warm water until ready 
to be used. It may, however, become too hot and uncomfortable to 
hold, and for this reason the author employs heavy rubber gloves when 
using this method. 

Preparation of Field, — lentil two years ago, thorough scrubbing 
with soap and water, bichlorid, ether and alcohol, was the usual routine 
before injections, but since then the author simply has the field 
scrubbed with alcohol, following which he applies the ten per cent alco- 
holic solution of tincture of iodin. 

Paraffin Injections in Nasal Deficiencies. — The skin must be 
sufficiently loose to enable one to raise it. If through contraction of 
scar tissue or otherwise this is not i)ossible, a small incision must first 
be made and the skin dissected loose. If the resulting incision is too 
large and there is danger of the paraffin exuding, it is well to put in a 
stitch. 

Injection, — Kaise the skin as in any subcutaneous injection over 
the site to be injected, and thrust the needle, apart from the syringe, 
through the skin. The direction of the needle is from the root of the 
nose downward. As a rule no blood comes back through the needle, 
but if this should occur, draw the needle slightly outward and pass in 
a somewhat different direction. In order to ])revent the cavity filling 
with blood and fonning a h(»matoma, it is best to compress the parts 
for a few moments, before injecting the i)araffin. Now attach the 
syringe by holding the needle steady, and then turn the handle while 
holding the barrel of the syringe by the crossbars. An assistant holds 
hh fingoTH firmly over the root and side of the nose so as to prevent 
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tlie paraffin from finding its way into the loose tissue or other places 
wheie no paraffin is desired. If cold paraffin is employed tliis is not 
very likely to happen. It is well repeatedly to draw the needle out- 
ward almost to the skin opening while injecting, in order to liberate it 
from the mass, and in that way the paraffin will be more uniformly 
distributed. Again, a certain amount of molding is possible while in- 
jecting, and this may be aided by irrigating the skin Avitli very warm 
water or hot compresses. After liaving given a proper shape to the 
injected mass, ice applications will facilitate its solidification and the 
retention of its shajje. The greatest care nnist be exercised, as already 
pointed out, not to inject too much at one time; it is better to repeat 
the injection a numl)er of times. 

Paraffi.n Injections in Ear Deficiencies. — The most frequent in- 
dication is the absorption of cartilage by pressure, the result of a 
perichondritis or a hematoma, and this affords the best results although 
the defect may be very large. The paraffin mass, however, will never 
hold up the ear as cartilage did. The preparations are the same as in 
nasal injections. The liquid hot paraffin gives better results than the 
cold, since it gives greater consistency to the ear. 

After the two layers of the skin of the deformed ear are thor- 
oughly separated by dissection, the paraffin is filled into the cavity as 
into a bag and allowed to solidify somewhat. Supports or splints made 
by taking two impressions of the other ear with dental compound 
(front and back) are employed. Then the ear is roughly shaped and 
the excess of paraffin is allowed to escape through the small incision 
that was made. Then apply a thin layer of cotton, the dental com- 
pound splints, strap with adhesive plaster, and bandage to the side of 
the head. This is left undisturbed for one week unless there should be 
much pain or fever. Subsequently a cotton support and bandage are 
worn for about three weeks, until organization has taken place. In 
the subsequent treatment of a newly-made ear by plastic, an injection 
of paraffin between the skin layers may undoubtedly be beneficial to 
the consistency and appearance of the ear. 
Paraffin Injections in Collapsed Aide. 

MenzeVs Method, — 

1. Pack the nose (vestibule) firmly with cotton. 

2. Pass the needle under the skin overlying the cartilage at the 
crease between the nose and cheek, forward and upward. 

3. Distribute the injected mass (equal parts of paraffin and vas- 
elin) over the ala so as to stiffen it, but not to any great degree, so that 
when the cotton is removed from the nose the inner surface will not 
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approach the septum. Cotton packing is permitted to remain for 
twenty-four hours. 

VIII. Reduction Method. 

In order to diminish as a whole or in part the size of a nose enlarged 
by some pathologic condition, traumatism, or deformity of unknown 
origin, extranasal, intranasal or combined methods may be employed. 
Thus it is that resection of a portion of the nasal septum by the in- 
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Fig. 332. Fig. 

Joseph's oiKTation for reducing hump, length, width of nose and large nostrils. 

tranasal method will influence the shape of the nose, but alone will 
seldom straighten it. By intranasal methods, that is through incision 
within the ala^, redundances may be removed or displaced so as to fill 
out deficiencies in the nose. A veiy large nose, afTected with chronic 
rosaceous hypertrophy, requires operation by external methods. Also 
many very large hump and twisted noses are best attacked by external 
methods. The minor deformities, as large alffi or large nostrils or a very 
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Kolle 'a operation for hump note. 





Fig. 338. Fig. 337. 

Beek'i opention for tramp noM. 
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long hanging tip of the nose, are as a rule best corrected by external 
methods. 

Joseph's Operation for Reducing Hump, Length, Width of Nose and 
Large Nostrils. 

1. An A-shaped incision is made over the anterolateral portion 
of tlie nose, just above the tip. A corresponding incision is made above 
this, the distance depending on the amount of tissue that is to be re- 
moved. The ends of these incisions should reach to the margins of 
the ate. (Fig. 331.) 

2. A wedge-shaped portion of the nose is now taken out, in- 
cluding the skin between the two incisions, the underlying connective 
tissue and cartilage. The hump or crest of the nose, containing bones 
and cartilage, is shaved off by means of tlie chisel and the knife. (Fig. 
332.) 

3. The nose is shortened by excising a wedge-shaped portion of 
the cartilaginous septum, with its base at the dorsum of the nose and 
the apex running backward as far as the bony portion of the septum. 
(Fig. 333.) 

4. Suturing tlie parts together, one deep suture should pass be- 
tween the upper and lower margin of the excised septum at the crest, 
so as to bring the point well uj). The other sutures are superficial 
ones. 

5. The dressing should be such as to hold the tip of the nose up- 
ward. 

EoUe's Operation for Hump Nose. 

1. Make a longitudinal incision over the prominence of the hump 
(Fig. 334) and dissect off the skin and periosteum to either side of it 
until it is completely exposed. (Fig. 335.) 

2. By the aid of a chisel the hump is taken off, care being taken 
not to enter the interior of the nose or to tear away the mucous mem- 
brane. If there is a tear it should be sutured at once. 

3. If a broad bone defect is obtained by the removal of the hump, 
then by the aid of a heavy forceps the margins may be pressed together 
to obtain a sharper ridge. 

4. Close defect by Ilalsted's subcuticular periosteal suture. 

Beck's Operation. 

1. Instead of the longitudinal incision, a transverse one curved 
upward, subsequently to be hidden by si)ectacles, is made across the 
bridge of the nose. The ends of this incision may go to some distance 
on the side of the nose and thus create a flap which will easily expose 
the hump. (Fig. 336.) 
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2. By means of a chisel take off the hump. (Fig. 337.) 

3. Close in the same manner as in the preceding operation. 

BaJlenger's Operation for Hump Nose (Intranasal). 

1. By means of scalpel feel the lower border of tlie nasal bones 
and pass through mucous membrane between the skin and nasal bones. 




Fig. 338. 
Ballenger^s operation for hump nose. 




rig. :i3y. 

Ballanger's operation for long nose. 

2. Elevate the skin from tlie underlying anterior portion of the 
nasal bones by the aid of a Freer type elevator. 

3. Introduce the Ballenger reverse eliisel and with a doAmward 
and forward pull, i)arallel to the bridge of the nose, shave off the hump. 
(Fig. 338.) 

Ballenger 's Operation for Long Nose. 

1. Make two incisions through mucous membrane and cartilage 
to the opposite mucoperichondrium above the point of the nose close 
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to the dorsum and carry downward and backward to meet at the floor 
of the nose. Dissect the mucoperichondrium free. (Fig. 339.) 

2. At the dorsum of the nose the base of this cartilage flap is sev- 
ered and the wedge-shaped piece removed. 

3. The nose is elevated by a sort of sling bandage of adhesive 
plaster, and held thus for from four to eight days. 

Roe's Operation for Hump, Twist and Broad Ala or Large Nostrils. 

1. Make an incision at the junction of the inner alar skin surface 
with the nasal mucous membrane, and pass below the skin over the 
cartilage and nasal bones. (Fig. 340.) 

2. Elevate the skin and subcutaneous connective tissue by means 
of elevators (the author prefers Mayo scissors, as by opening the 
blades the tissues are separated with the least traumatism) until the 
entire hump is exposed. (Fig. 341.) 

3. By means of a small saw the hump made up of cartilage and 
bone is sawed off (Fig. 342) and removed. If, as is frequently the 
case, the hump nose is at the same time twisted and depressed, the 
hump is sawed off partially, but is left attached above to the fibrous 
tissue as a sort of a pedicle and slid over into the depression. Here it 
is subsequently retained. (Figs. 343 and 344.) This fibrous pedicle 
is not absolutely necessary, as the bone and cartilage chip will live any 
way. If the depression be greater than tlie bone cartilage chip can 
fill out, small subcutaneous tissue flaps are turned back into the de- 
pression. These are as a rule taken from the tip of lateral portions of 
the alae, which also are large in many cases. 

4. Either a soft metal or adhesive retention dressing is applied 
over the nose and the incision within the ala is sutured. 

Roe's Operation for Broad Alse and Large Nostrils. (Fig. 345.) 

1. An incision is made within tlie nostrils clos(»r to th(» (»xterior 
than in the preceding operation. 

2. The cartilage is liberated and part of it is excised together 
with some of the subcutaneous tissue. (Fig. 346.) 

3. Suture and insert two small rubber tubes. Fig. 347 shows 
final results. 

Beck's Operation for Hump Nose. 

1. Lift up tip of the nose and make with a knife a small semi- 
circular incision in the anterolateral portion of the vestibule at the 
mucocutaneous junction of the cartilage and bone. 
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Fib', .t 17. 
(Illustrated lij Beck.) 

2. Dissect over the liiimp with Mayo's scissors as in Fig. 348, 
With the same scissors engage and sever the hump which is usually 
made up of cartilage. 




Fig. mti. 
Hook's nprralion fcir Ininip no^e. 

3. Disi)lace this fragment by external manipulation and by the 
aid of fine forceps or the scissors in the eventually existing depression 
(if none exist remove the i>iece). 
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4. If the base from which the hump is removed, is very broad and 
sharp, the edges may be filed off with a straight rasp or shaved off with 
a chisel. 

5. The blood expressed from the cavity is mopped away and an 






Fig. 331. 



Kolle '» o])(?riitioii for long tip nose. 

adhesive plaster is dra^v^^ tij^htly over the bridge of the nose with no 
dressing between it and the skin. 

6. One silk stitch is used to close the wound. 

Kolle's Operation for Long Tip Nose. 

1. Make an incision on either side through the entire thickness of 
the nose, including the septum, as shown in Fig. 349, beginning at e, 
downward. 
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2. From e to r/, in a natural curve line, all the tissues of the alae 
are severed. 

3. A short upward cut is made through the entire thickness of 
the columella at c, from which point the septum is cut as shown in tlie 
dotted line d, towards e. 

4. The tip b of the part a is now" cut off, leaving the nose as in 
Fig. 350. 

5. The front part a is now sutured to the remaining portions of 
tlie columella at b, and the cartilages of the ala^ where they are pro- 
truding are excised to such an extent as to permit union of the skin 
over tliem, as shown in Fig. 351. 

IX. Prothetic or Artificial Noses. 

There are frequently anatomic, pathologic and social conditions 
that require the correction of the nasal deformity to be made by the 
aid of artificial devices. It can l)e said without question that so far as 
the appearance is concerned, at least if not too closely scrutinized, an 
artificial nose that is correctly made looks nmch better than one that 
results from the most of tlie best surgical procedures. (Figs. 352-355.) 

For instance, in cases of carcinoma wliich have been operated upon 
to the extent of removing the greater part of the nose, there will 
naturally l)e some hesitation al)out performing a plastic operation. In 
cases w^here the face is all scarred up it is nmch better to employ an 
artificial nose. There are some people who have not the necessary 
time to have plastic work done on their noses l)y reason of the necessity 
of making a living and providing for tlieir families. 

These artificial noses may be made to fit any kind of defect and 
are usually held in place by spectacles and adhesive (actors') paste. 
The making of tliese noses is left to a specialist in this line, but only 
under the direction of a physician, since the condition of the nose must 
be thoroughly examined before fitting an artificial nose. 

Artificial Supports. — In noses in which the bony framework is 
destroyed or absent one may introduce ware or rubber supports made 
especially for each individual case. In cases of lues, in which there 
exists a i)erforation in the hard palate, a sort of a horn may be vul- 
canized upon a dental plate that will push the collapsed nose forward 
and thus supi)ort it. 

X. Orthopedic Method. 

By wearing certain forms of apparatus which usually must be 
specially made in each individual case, a deformity may be changed, 
especially in early life or when it follows a traumatism. It is also pos- 
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Fig. :1j4. Fig. 355. 

Pruthctic or artificial ooaeB. 
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sible to correct collapsed or saddle-back nose by special methods. (Fig. 
324.) 

XI. — Operations for Closing Perforating Septum. 

Goldstein's Operation. 

1. Freshen up the edges of the perforation and elevate the miieo- 
perichondrium from the cartilage for about one-half inch. 

2. Remove a small rim of the cartilage all along the perforation 
by means of Ballenger's single-tined swivel knife. (Fig. 356.) 

3. Outline a mucoperichondrial flap on the most convenient por- 





Fig. 356. 



Fig. 357. 




Fig. 358. 
(loMstoin 's operation for perforation of septum. 

tion of the septum, with the hinge pedicle at the margin of the per- 
foration. The author would suggest the use of the cautery in order to 
destroy the epithelium so that the flap may heal more easily. (Fig. 357.) 

4. Dissect this flap and bring it between the two layers of the 
mucoperichondrium ab(nit the perforation. 

5. Suture through and through l)y a (juilted suture with the aid 
of Yankauer needle. (Fig. 358.) 
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Hazeltine's Operation for Perforation of Septum. 

1, Freshen up the margins c-c (Fig. 359) and elevate the muco- 
perichondrium (as in the submucous resection) where the anterior flap 
lies. 

2. An incision tlirongh the nnicoperiohoiidriuni about one-half 






to one inch anteriorly to perforation {b-b, Fig. lioi)) is made, and the 
flap, with pedicle above and below, is dissected as far as the perforation. 
3. If the anterior flap was made on the risht side, then make the 
posterior flap (e-e, Fig. 359) on the left side, by a similar incision 
through the miicoiierirhondrinm about one-half to one inch back of 
perforation. 
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4. Approximate and suture anterior flap to posterior margin of 
perforation (/-/, Fig. 360) and slide the posterior flap of the opposite 
side forward and suture to the anterior margins of perforation {d-d, 
Fig. 361). Denuded areas (a-a) from the flap heal by granulation. 

Goldsmith's Operation for Closure of Septal Perforations. 

1. Excise margin of perforation by the Ballenger's single-tine 
swivel knife. 

2. Separate tlie mucoperichondrial flap on either side all around 
the perforation. 

3. Take a piece of cartilage either from another case just oper- 
ated upon for deviation by tlie submucous method, or a piece of sheep's 
septal cartilage, which must be larger than the perforation. 

4. Slij) this cartilage plate into the dissected flaps and replace 
carefully all around the perforation. 

5. Put in anterior nasal splints to retain the cartilage and muco- 
perichondrium in place for forty-eight hours. 

6. Sulisoquent cauterization to assist in epithelialization and ap- 
plication of scarlet red ointment constitute the after-treatment. 

OTOPLASTY. 

Otoplasty is a subject that has received very little attention as 
compared with rhino] )lasty, and most text-books contain very meager 
information on the subject. However, much better cosmetic results 
are obtained than in nasal plastics, especially in deformities or mal- 
positions. In the abs(»nce of the entire or a greater i)ortion of the 
auricle, the results except with prothesis are very unsatisfactory. There 
is one comforting fact that in women deformities of the ear mav be 
hidden by long hair. Ear plastics are perfonned principally for cos- 
metic reasons, since the physiologic function is but slightly influenced 
unless it be in cases of congenital atresia, with presence of a good 
middle ear and auditory nerve apparatus. 



Classifications According to Eolle. 

T r> -1 1 /. • [Unilateral. 

I. Preauricular dehciency j Bjiateral. 

Unilateral. 
11. rostauncular denciency. { u-i^fp^a] 
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General Classification. 
I. Macrotia (larj^e ear). 
II. ABjmmctry of the two ears. 

III. Iletorotopy (false position of the auricle). 

IV. Synecliia of the posterior surface of the auricle. 
V. Projecting, roll or dog ears, 

VI. Pointed ear (Darwinian tubercle). 

VII. Macacus ear. 

VIII. Wilderniuth's ear. 

IX. Absence of helix. 

X. Lobule deformities and abnonnalities. 

XI. Synechia of lobule. 

XII. Sliriveled ear following perichondritis or infected hematoma 
or abscess. 

XIII. Traumatic destruL-tion, complete or partial. 

XIV. Poliotia. 
XV. Microtia. 

Usual Operation for Macrotia. 

1. Exci.se a \'-sliaped segment of the auricle, including all the 
structures at the upper and larger part. The base of the V is at the 
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external border of tlie ear. (Figs. 362 and 36o.) Tlie size of the wedge- 
shaped piece to be removed will depend on the size of the deformity 
to be corrected. 

2. Excise a narrow wedge-shaped segment from the lower half 
of the auricle, the base of this wedge being at the incision, the apex 
directed towards the lobule. {Fig. 364.) This is necessary to make 
the upper and lower portions of the auricle fit for exact approximation 
of the helix. 

3. Suture the lower wedge first and then the large transverse 
defect after exact approximation. 





rig. 365. Fig. 366. 

Parkhill'B opeiiitioii for mturrolia. 

FarkhiU's Operation for Macrotia. 

1. Make an incision through all tiic structures in line with the 
curve of the antihelix. 

2. From each extremity of this incision make a curvilinear in- 
cision towards the outer margins. 

3. A small tongne-siiai)od flap is further excised from this last 
incision towards tlic externa! border, in order to shorten the long 
diameter of the ear, and the crescentic excision will make the width 
of the car smaller. Tills will make a crescent-sliapcd defetit with a 
little tongue. (Fig. :!().'>.) Suture defect. (Fig. UrS.) 

Cheyne and Burghard's Operation for Macrotia. 

1. Kxcise a V-shaped piece of the auricle from the upper and 
outer part, the acute angle of the ^' being carried almost into the 
concha. (Fig. 307.) 
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2. Correspond injr to the upper border of the concha a semilunar 
incision is made through all tlie structures, 

3. From the letter's extreme ends two sliort curved incisions are 
made to meet the ^'-shaped incision, removing the two pieces tliua 
formed. (Fig. 367.) 

4. The parts are brought together and sutured on both sides of 
the auricle. (Fig. 368.) 

Goldstein's Operation for Macrotia. 

1. Make a curvilinear incision down to the cartilage, with its 
convexity directed to the outer margin of the car, on the posterior 
surface of the auricle. (Fig. 369.) 





d Burghard'a opcrutio 



Fig. 368. 
I for macrotia. 



2. Dissect oflf tliis flap and lay over the mastoid region. (Fig. 
370.) 

3. Cut through the cartilage in the perpendicular direction of 
the ear and curve the incision at each extremity for a short distance 
in order to make a sort of a cartilage flap. Great care must be exer- 
cised not to cut through the skin on the anterior surface of auricle, in 
other words, not to buttonhole it. (Fig. 370.) 

4. With a dissfcfor, as employed in a subniHcous resection of the 
septum, the dermoporichondrium is dissected off from the cartilage, 
thus making the cartilage flap, and the dissection is continued a little 
beyond the neces.sary limits so as to enable one to slide the flap over 
with greater ease. 
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5. Dissect also the dermoperiehondrium anteriorly from the ex- 
ternal portion of the exposed cartilage because the subsequent suturing 
will have to be done at that point. 

6. Pass a small sharp curved needle armed with fine chromicized 
catgut through the upper part of the internal cartilage flap (which will 
become the overriding one). Then at the same place pass the needle 
through the external cartilage flap, which will become the overridden 
one, and taking in a small bit of cartilage come out through both flaps, 
completing one mattress suture. Another suture of the same type is 
made in the lower portion of the incision, and the parts are ready for 
suture. (Fig. 371.) 

7. While the assistant holds the parts together so as to get an 
overriding of the internal flap, the sutures are tied. 

8. The posterior dennoperiehondrium flap is brought back again 
and sutured. (Fig. 372.) 

Goldstein's Operation for Projecting Ear. 

1. Make two curvilinear incisions back of the auricle, one having 
its convex border towards the outer border of the ear, the other towards 
the occiput, thus creating an elliptical flap of skin. (Fig. 373.) 

2. Dissect off this skin flap, exposing the perichondrium of the 
auricle and the periosteum of the mastoid. (Fig. 373.) 

3. Excise an elliptical portion of the cartilage of a size depending 
upon the amount of projection present. (Fig. 374.) 

4. Draw the cartilage towards the mastoid region and suture to 
the periosteum at this point. (Fig. 375.) 

5. Close the skin defect by a few interrupted sutures. (Fig. 376.) 

Beck's Operation for Roll Ear or So-called Dog-ear. (Fig. 377.) 

1. Make an incision through the skin on the posterior part of 
the auricle in line with the usual site of the antihelix. 

2. Dissect the skin freely on either side of the incision, but not 
the perichondrium. 

3. Excise a very thin sliver of cartilage the whole length of the 
skin incision in a curvilinear shape. (Fig. 378.) 

4. Bend back the helix and form an antihelix by doubling the 
cartilage upon itself. Hold the parts together on the anterior surface 
of the ear. 

5- Pass two mattress sutures of silkwoi*m gut through the skin, 
perichondrium, cartilage, two layers of perichondrium, cartilage, peri- 
chondrium and skin. These are tied over pieces of rubber tissue in 
order not to cut into the skin. (Fig. 379.) 
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Pig. 371. Fig. 37! 

O'lldalein 'a (iperation for macrotia. 
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Fig. 375. Fig. 37(1. 

GnlJslciii's opcrntioti for projecting ear. 




Fig. 379. 
ull.'d .logcar. 
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6. Excise small portions of excess skin on the posterior surface 
and make a subcuticular suture. 

This same operation can be adopted for the formation of an anti- 
helix in an ear that is not rolled. 

Szymanowski's Operation for Reconstructing an Auricle. 

1. Make an incision as outlined in Fig. 380, back of the rudi- 
mentary ear or external auditory meatus, about the size of the pinna 
on the opposite side, taking in the skin and all subcutaneous tissue 
possible. 

2. Dissect the above outlined flap and fold at the constricted 
middle part so as to bring the raw surfaces in apposition. 

3. Suture along the margins above and below. 

4. Cover the denuded area of defect by skin grafts or slide a flap 
from the occipital region and support posteriorly by gauze pads. 

Subsequent Correction, 

5. Incise above and below as shown in Fig. 381, placing small 
triangular flaps, back of the auricle and bringing the latter forward 
into a more projecting shape. Also excise a small portion of the 
newly-formed auricle from the lower margin, to shape a lobule. 

Beck's Operation for Synechia of Auricle to the Mastoid Squama. 

1. Sever the adherent ear from the mastoid surface and place 
between the surfaces gauze or rubber tissue to prevent reunion and 
wait for granulation formation. 

2. Make a correctly outlined flap to cover the mastoid region as 
well as posterior surface of auricle, on the forearm, on the side oppo- 
site to the synechia, since the subsequent immobilization is more com 
fortable in that way. Place rubber tissue below this flap to prevent 
its reimiting and allow it to become thicker. 

One Week Later, 

3. Freshen up the surfaces on the mastoid region, turn the auricle 
forward and suture into the forearm flap on the greater portion of 
the defect. (Fig. 382.) 

4. Apply regular plaster retention cast as in the Italian plastic 
operation for the nose. 

Ten Bays Later. 

5. Sever pedicle from forearm and suture on all sides, special 
care being taken to make a natural fold at the insertion of the auricle. 
This is best accomplished by a spring wire like a spectacle frame over 
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Fig. 380. 




Fig. 381. 
Szymanowski 's operation for rocoDstructing an auricle. 
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some light dressing, to be lie]d by the wearing of spectacles for the 
time being. 

6. Suture defect in forearm. 

Instead of using the flap from the forearm one or two Wolfe grafts, 
or Thiersch grafting, may be employed to cover the defect. Again, 
the sliding over of a flap from the lateral portion of the occiput, even 




Beck's operatii 



Pig. 382. 
a for eyBec)ii& of auricle to maBtoid. 



though it contain hair, to cover the mastoid region, will aid a great deal 
and prevent the further formation of a synechia on the posterior sur- 
face of the auricle. The latter may be covered by skin grafts. 

Roberts' Operation for Absence of Ear. 

This author's procedure is very much like the operation illustrated 
in Figs. 383-38C, except that ho employs only skin and subcutaneous 
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Simple Operation for Colobomata. 

Excise the scar margins so as to obtain fresli dermal layers and 
suture anteriorly as well as posteriorly with special care at the tip 
of the lobule, since keloid is liable to form. (Figs. 387 and 388.) 

Green's Operation for Colobomata. 

1. Kemove the cicatrized skin from the notch without cuttim< it 
away at the tip limits, but pull it down. (Fig. 389.) 





Fig. 383. 



Fig. 384. 




Fig. 385. 




Fig. 3SG. 



Robert's operation for absence of ear. 



2. Bring the denuded surfaces together and employ the little 
ribbon of skin to nmke a rounded margin of the tip. (Fig. 390.) 

Monk's Operation for Prominent Ear. 

1. Excise a strip of skin and subcutaneous tissue in the form 
illustrated in Fig. 391, making the one incision all along the attachment 
of the auricle and the other corresponding to the degree of projection. 
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The flap is made either broad on the top, middle or bottom, depending 
on the location of the prominence. 

2. Stitches are carefully applied so as to pucker the defect thor- 
oughly, and ])erfert approximation is imperative. 





frjr mill 1 10 mat a. 




Kolle's Operation for Projecting Ear. 

1. Make an incision cm tlie l)ack of tlie niirielc tln-et'-qnarters of 
an inch from its outer mar^fin. lioKinniii;; above at the sulcus and 
cm-vinf? upward and outward and then fjrwdually downward until the 
lower part of tlie suhms is reached. The skin only is incised. 
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2. Bleeding at once takes place and by turning the auricle over 
the mastoid nnd side of head, an ontline in blood is made which cor- 
responds to the incision to bo made. 

3. This second incision when completed will outline a heart- 
shaped flap, which is removed. (Fig. 392.) 

4. An elliptical piece of cartilage is removed in extremely pro- 
jecting ears without going through the anterior skin, (Fig. 393.) 

5. Suture the cartilage with catgut separately and then apply 
continuous sutures from above downward to the skin margins to close 
the defect and to bring the ear close to the side of the head. 




Monk 'it opcrnlion for prominent 



fi. Place a pad over ear and use a bandage that is not too firm. 
7. Allow stitches to remain for nine days and do not disturb the 
wound. 



Fostauricidar Deficiencies or Ketroauriculax Fistulse. 

These are as a rule the result of mastoid operations (radical) 
which formerly were performed by leaving a large retroauricular 
drainage for a long time; when healing took place, the cavity was 
lined by cpitlielium continuous with the outside skin. Some of the 
cases, even when the posterior bony canal was taken away and the 
membranous canal was split in the usual plastic manner, remained 
open in the back of the ear and then there was a cavity which was 
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lined by epidermis continuous with the skin of the external auditory 
canal and the skin on the posterior surface of the auricle. 

Trautmann's Operation for Closure of the Posterior Deficiencies. 

1. Incise the fistula, making two crescentic flaps with their epi- 
dermal layer looking towards the auditory canal. (Fig. 394.) (This 
is done only in those cases in which the usual plastic of external 
auditory meatus in connection with the radical mastoid operation has 
been performed.) 

2. Stitch these two flaps with catgut. (Fig. 395.) 

3. Dissect freely the skin and perichondrium over the pinna and 
also the skin and periosteum over mastoid region. (Fig. 396.) 

4. Unite these by interrupted sutures over the two lower flaps. 
(Fig. 397.) 

Von Mosetig-MoorhofF Operation. 

1. Make a tongue-shaped flap below the fistulous opening, leaving 
the hinged pedicle at the lower margin. (Fig. 398.) 

2. Dissect loose, but not too close to the margin of the opening 
or else too little blood supply will remain to nourish the flap. (Fig. 
399.) 

3. Freshen up the margin of the fistula and loosen the margin 
thoroughly for suture. 

4. Turn the flap with its dermal layer towards the inside (to- 
wards the auditory canal) and suture to margin of fistula. (Fig. 
400.) 

5. Close newly-formed defect by first loosening its margin (Fig. 
401), subsequently either cover the turned-in flap with skin graft or 
allow it to granulate and cicatrize. It becomes necessary at times to 
make secondary corrections at the pedicle portion. 

Goldstein's Operation. 

1. Loosen the margins about the fistula freely on the cartilage as 
w^ell as on the mastoid side, and freshen up the margins. 

2. Make lateral incisions to allow free coaptation of the margins 
of the fistula. (Fig. 402.) 

3. Close by means of Michel's clips. (Fig. 403.) 

4. Allow the defects created by counter incisions for relaxation 
to granulate. 

Ear Prothesis. 

As in nasal deformities, there are times when the local as well 
as tlie general condition does not warrant an operation of magnitude; 
under such circumstances much better results are obtained by the 
use of a well-fitting artificial ear. 
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Fig. 400. Fig. -lOJ. 

Tlie vou Moselig-Moorlioff oppration for posieriur delitiencies. 
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It is necessary at times to shape the stump remaining so that the 
artificial ear may fit and liold properly. Again there may be no ex- 
ternal part at all. and then it may be necessary to construct from the 
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Goldsteiirs retro aiiripiilnr pliislic. 
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tissues siirnumdiiijf the ai'cn of the auditory meatus a place for the at- 
taclinu'ul of the piothesis. Fig. 404 illustrates a celluloid artificial ear. 
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Neuroplasty for Facial Paralysis. 

The various plastic operations on the facial nerve arc performed 
for the purpose of reestablishing the function of the peripheral branches 
of the facial nerve after it has left the stylomastoid foramen, by 
transplanting this distal end into another motor nerve or approx- 
imating it directly to the central or proximal portion of such a nerve. 
All branches of the facial nerve given off witliin the temporal bone are 
not influenced by anastomosing procedures. The direct repair of the 
severed facial nerve is not considered in this discussion of neuroplasty. 
The methods employed heretofore are: 

1. Facial-spinal accessory end to end anastomosis. 

2. Facial-hypoglossal, end (facial nerve) to side (of hyperglos- 
sal). 

3. Facial-hyi)oglossal, end to end. 

4. Facial-spinal accessory and descendens hypoglossi-spinal ac- 
cessory anastomosis. 

5. Facial-glossopharyngeal anastomosis. 

The principles underlying neuroplastic surgery are: 

1. The approximating nerves must be under absolutely no ten- 
sion. 

2. The neural structures of one nerve should be in contact with 
the neural structures of the opposite nerve. (Tliis is particularly 
necessary in the end to side methods.) 

3. Suturing must be done with the finest of material and under 
great care (not so many sutures being used as to endanger strangula- 
tion). 

4. The anastomosed nerves should be surrounded with muscle 
tissue or Cargile membrane, to prevent too great a cicatricial forma- 
tion about them. 

5. Absolute asepsis is necessary to obtain a good result. 

6. Adjunct treatment such as electricity, massage, tonics, etc., 
following the operation hastens recovery, the time depending on the 
degree of muscular atrophy which preceded the operation. 

7. Correct diagnosis before the operation as to the reaction to 
degeneration is ver>^ important, so as to be sure that if a perfect 
anastomosis operation is peiformed and imion is absolutely perfect, 
a good result is possible; otherwise this excellent therapeutic pro- 
cedure would be discredited, as the muscle would not be susceptible 
of motion in spite of the unimpeded nerve stimulus. 
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Spino-Facial and Periphero-Spinal to Descendens Hypoglossi 

Anastomosis.* 

1. Make a Y-shaped incision, one branch of the Y ending in front 
of the tragus, the other back of the ear on the line with the tragus. 
The stalk of the Y is directed forward and downward, in front of the 
sternomastoid, for about three inches in length. This incision goes 
through skin and superficial fascia. (Fig. 405.) 

2. Dissect bluntly down to the muscles and expose the posterior 
border of the parotid gland. 

3. Elevate the lobule of the ear, draw forward the parotid gland 
and dissect down into the narrow space between the anterior border 




Fig. 405. 
Incision for spino- facial anastomosis. 



of the mastoid and the posterior border of the ramus of the lower 
jaw. Here locate the facial nerve in its course from the stylomastoid 
foramen towards tlie posterior border and the under surface of the 
parotid gland. 

4. Place a ligature (but not tied) around it for subsequent identi- 
fication and leave this field of operation for the time being for the 
location of the otlier nerves. (Fig. 406.) 

5. Find the spinal accessory nerve, which is on the line from the 
angle of tlie lower jaw backward, where it pierces the fascia of the 
sternomastoid muscles. 

6. Place a suture about it for the same purjjose as in the facial. 
(Fig. 406.) 

•Conlrihutcl by W. W Grant, M.D.. Denver. 
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7. Expose the hypoglossal which lies in this region, just where 
the occipital artery is given off from the external carotid, about the 
central tendon of the digastric muscle. 

8. Cut the digastric muscle posterior to its central tendon and 
reflect this posterior belly backward. 




9. Locate the descendens hypoglossi at this point as it leaves 
the hypoglossal and passes downward on the sheath of the common 
carotid artery. Place a thread about this nerve also. {Fig. 40fi.) 



386 OPERATIVE SURGERY OF THE NOSE, THROAT, AND EAR. 

10. Go back to the facial nerve, draw it out so as to be •able 
to reach the end that comes from the stylomastoid foramen and with 
a pair of slender scissors sever it close to this foramen and pull out 
this end of the nerve. 

11. Pull on the spinal accessory and sever it just before it enters 
the sternomastoid muscle, making sure before it is severed that a 
long enough segment may be drawn to unite with the facial stump 
without occasioning any tension when their ends are united. 

12. Have an assistant hold both ends. Then cut off the spinal 
accessory and the peripheral end of the facial in close and exact 
approximation, the operator suturing tliem with fine linen thread, and 

« 

using a small round needle. One suture is to bo made at each side, 




Fig. 407. 
Beck's nerve tracing forceps. 

possibly including some nerve fibres, and another sui)porting suture 
through the neurilemma only on the under surface. The sutures are tied 
only moderately tight. 

13. To prevent cicatricial constriction, i)lace some Cargile mem- 
brane at the point of nerve union about this anastomosis. 

14. Now sever the descendens hypoglossi by drawing on the 
thread fully three-fourths of an inch below where it leaves the hypo- 
glossal, and turn this cut end upward. 

15. Approximate this end of the descendens hypoglossi and the 
peripheral end of the spinal accessory with the same teclmic as was 
used on the facial nerve. 

16. Reunite the digastric muscle and close the wound without 
drainage. 

FaciaJ-Spinal Accessory Anastomosis. 

1. Make an incision through the skin facia from behind the ear 
forward and downward along the anterior border of sternomastoid 
muscle, to about the level of the thyroid cartilage. 
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2. Retract and find the spinal accessory nerve as it pierces the 
sternomastoid muscle. 

3. Dissect and retract forward over the lower jaw, exposing the 
parotid gland (posterior border). 

4. Locate the facial nerve as it enters this gland. 

5. Follow it below the cartilaginous portion of the external au- 
ditory canal down between the posterior border of the ramus of the 
lower jaw and the anterior border of the mastoid process. 

6. It may be necessary to divide the posterior belly of the digastric 
muscle. Retract the stylohyoid muscle and i)ass about the nerve the 
author's nei-\^e tracing forceps. (Fig. 407.) Follow the nerve to the 
stylomastoid foramen, which is behind the styloid process, and close on 
the nerve. 

7. Steadily pull the nerv^e out of the mastoid canal (stylomastoid 
foramen) and keep the forceps attached to the nerv^e. 

8. Withdraw as much of the spinal accessory nerve as is neces- 
sary to make an easy approximation with the dissected facial nerve. 

9. Trim the facial nerve end squarely to fit the spinal accessory 
and suture the two end to end. 

10. Three sutures are placed, going through the neurilemma and 
taking in a few of the axis cylinders. An additional supporting suture 
(continuous) takes in only the sheath of both the nerves. 

11. Make a slit or pocket into the posterior belly of the digastric 
muscle (if it is divided it should first be united), or place a layer of 
Cargile membrane about the anastomosis. 

12. Close wound. 

FaciaJ-HypoglossaJ End to Side Anastomosis. 

1. Incise the skin, fascia and platysma, beginning behind the ear 
and carrying the cut downward and then forward towards the thyroid 
cartilage. 

2. Retracing the tissues, the hypoglossal nerve is located by 
drawing up the digastric muscles posterior to the sternomastoid where 
the sheaths of the great vessels lie. On the level of the thyroid car- 
tilage, where the carotid artery divides into the external and internal 
branches, the hypoglossal nerve will be seen at the point of crossing 
of the occipital and the internal carotid arteries. Here it turns for- 
ward and lies on the mylohyoid muscle. 

3. Expose the hypoglossal nerve at the point closest to the facial 
nerve. 

4. Locate the facial nerve as in the facial-spinal accessory anas- 
tomosis, and draw it out in the manner described above from the stylo- 
mastoid foramen. 
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5. Trim the facial stump in sueii a manner as to strip the major- 
ity of the axis cylinders of their sheaths for about three lines. 

6. Place three sutures through the stump, thus getting it ready 
to join with the hypoglossal nerve. 

7. Make a small buttonhole in the exposed hypoglossal nerve at 
the point mentioned in division 3, parallel to the course of the nerve 
and on its upper border, to admit the prepared facial stump. It is 
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well to enter this buttoiiliole slit witli a fine pair of scissors and cut 
a few axis cylinders transversely within the sheath in order to get 
direct contact with tlic facial axis cylinders and thus obtain a more 
rapid regeneration. 

8, Pass the already prepared sutures of the facial stump through 
the slit in the hypoglossal nerve from within, outward, one on each 
side and tlie third at one end. The tying should be done by the oper- 
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ator while the assistant keeps the slit open with a fine pair of forceps 
(spring) and holds the facial stump steady in the slit. Another sup- 
porting suture surrounds this anastomosis in the same manner as in 
the. spinal accessory procedure. (Fig. 408.) 

9. The same procedure as in the facial spinal accessory is fol- 
lowed in the prevention of cieatricial formation about the union, as 
is also in the closure of the cxtenial wound. 

Facial-HypoglossaJ End to End Anastomosis. 

1. The same procedure as in the end to .side operation up to the 
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point of union, except that the hypoglossal is not prepared so close 
to the facial nerve. (Fig. 409.) 

2. Follow the hypoglossal ner^'e nearer to the front as it enters 
the floor of the mouth. 

3. Sever the hypoglossal and turn it back to join it with the 
facial nerve, which has also been prepared as in the other two previous 
procedures. 
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4. The union and management of the anastomosis and the wound 
are subject to the same procedure as in the facial-spinal accessorj- 
operation. 

Myeloplasty for Fascial ParaJysis. 

In cases of congenital facial paralysis, or in permanent paralysis 
in which the peripheral branches of the facial nei-ve are imbedded in 
cicatricial connective tissue, or when the paralyzed muscles of the face 
supplied by the seventh cranial nerve are completely atrophied and do 
not react to the electric currents, or finally if for any reason the hypo- 
glossal or accessory nerves are not accessible and the neuroplastic 
operation cannot be performed for any other reason, the masseter 
muscles may be used to obtain a straighter face. The associated move- 
ments follow^ing this operation are objectional. These, how^ever, do not 
persist, for the patients re-educate that particular part of the masseter 
muscle which causes facial expressions. 

Technic. — Under local or general anesthesia make an incision 
along the posterior border of the ramus of the lower jaw. The tissues 
are dissected forward until part of the masseter muscles is reached. 
These are now separated from their attachment to the ramus of the 
jaw and the lower border. A sort of a tunnel is now made with a pair 
of Mayo's scissors, spreading the tissues rather than cutting them, 
until one reaches the external angle of the mouth. It is important 
not to go too high in order not to wound the duct of the parotid gland. 
As the angle of the mouth is approached, care must be taken not to 
wound the facial artery. The facial vein must sometimes be ligated. 
Great care is to be exercised not to penetrate through the mucous 
membrane of the mouth or the skin externally. The masseter muscles 
already severed are now armed on two silkworm gut sutures, with 
very short curved needles, one on each end of tlie thread so as to have 
four needles in all. One thread is now i)assed close to the upper lip, 
through the subcutaneous tissue and skin, while the second thread 
is placed close to the lower lip. These sutures are tied over a piece 
of gauze to prevent their cutting in. The wound is closed completely 
without drainage. 

During the next throe weeks the patient takes only liquid diet in 
order not to use the masseter muscles. The stitches holding them are 
removed at the end of ten davs, as are also those of the incision. 
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